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For centuries, Ghana and her ancestor, the legendary West African Gold Cost, was known for its mineral 
wealth. Several millions of ounces of Gold have been produced from alluvial sediments and hard rock 
sources from the metamorphic basement. Consequently, most of the geological research was focussed 
on the basement formations, and the Voltaian sediments, covering almost 40 % of the country’s surface 
area have been neglected tremendously. Despite its areal extent, however, until onset of the Mining 
Sector Support Programme (MSSP) in 2005, the only compilation which offered a regional overview of 
the Voltaian Supergroup was the 1-million-scale-geological map by Junner (1940); more recent maps 
were derived from this. The north easterly extension of the basin into the neighbouring countries of 
Togo, Burkina Faso, Benin and Niger has been studied in somewhat greater detail as compared with the 
Ghanaian part. 
In the last few years, many data has been acquired in the research area as a result of the Mining Sector 
Support Programme (MSSP) financed by the European Union. The Geological Map of Ghana 
(1:1.000.000), edited and published by the Geological Survey Department of Ghana (GSD) in co-
operation with the Federal Institute for Geosciences and Natural Resources, Hannover, Federal Republic 
of Germany (BGR - Bundesanstalt für Geowissenschaften und Rohstoffe) (Duodu et al., 2009).   
This PhD thesis was set up with a special target on the investigation of the minerogeny of the Pan 
African Volta Basin in order to attract investments into the area to contribute to the Ghana 
government’s poverty alleviation programme and the diversification of the mineral sector. 
By combining our new data collected 
during visits to various mineral 
occurrences and key sites of geological 
interest with the substantial amount of 
MSSP data (geochemistry, airborne 
geophysics) we have reconstructed the 
geological-tectonic history of the Voltaian 
rocks and the neighbouring Eastern  
folded belt and established the 
relationships with their mineral potential. 
The outcome is a fascinating story of 
1000 Ma years of geological history and 
the description of minerals bound to each 
of the five principal stages.  
The described regularities will help to 
further design concrete prospecting and 
exploration programs and hopefully will 
support the discovery of new mineral 
deposits.  








Summary of work done 
The research started with literature review and fieldwork (2011, 2012, 2013 and 2016). A total of one 
hundred and fifty-seven were collected, which consists of seven (7) soil samples and one hundred and 
fifty (150) rock chip samples. One hundred and forty-seven (147) samples were analysed for sixty – four 
(63) elements (major, minor and rare earth elements) and ten samples were analysed for 65 elements 
(including platinum (Pt) and palladium (Pd)).The 65 elements are: (Au, SiO2, Al2O3,  CaO, Cr2O3, Fe2O3, 
K2O, MgO, MnO, Na2O, P2O5, TiO2, Bi, Ba, Ce, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, Lu, Nb, Nd, Pr, Rb, Sc, Sm, 
Sn, Sr, Ta, Tb, Th, Tm, U,V, W, Y, Yb, Zr, As, Be, Ca, Co, Cr, Cu, K, Mg, Mn, Mo, Na, Ni, P, Pb, Ti, Zn, Li, Tl, 
Cs, SrO, BaO, Pt, and Pd).    These chemical analyses were done by Omac Laboratories (ALS Minerals), 
Ireland. Two samples were dated by Argon- Argon method. Petrographic studies using electron scanning 
microscopy (SEM) were done on ten (10) samples (refer to chapter 5.1) and thin section studies on 28 
samples (refer to chapter 5.2) at the laboratories of the Geological Institute, TUBAF (Technical University 
Bergakademie Freiberg). 
The findings and conclusions of this work have been presented in this thesis. 
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1 In the Geology and regional geotectonic development of 
the West African Shield 
Introduction 
The West African Craton (WAC) is one of the five large Precambrian units that make up the African Plate 
since the break-up of Gondwana in the Mesozoic, the others being the Kalahari and the Tanzania 
Cratons in the south, the central Congo Craton, and the supposed Sahara “Ghost” Metacraton. These 
cratonic blocks are separated by mobile belts, zones of orogenic activity which merged the Archean and 
Proterozoic nuclei to supercontinents. One of the dominant time (period) of orogenic events is the so-
called Pan-African, which resembles a time span of about 300 Ma from late Precambrian to early 
Palaeozoic. Cratons can be described as shields, in which the basement rock crops out at the surface, or 
platforms, where the Precambrian magmatic-metamorphic basement is unconformably covered by non-
metamorphic sediments (https://en.wikipedia.org/wiki/West_African_Craton).  
During the existence of supercontinents, the WAC was located at the north-western margin of 
Gondwana. By late Precambrian time (period), it was bounded (Figure 1) by the Guyana craton (in the 
south), by the Benin-Nigeria shield (in the southeast) and by the Hoggar shield (in the east). During the 
Carboniferous, it was linked in the northwest to the North American craton. After the Cretaceous 
opening of the south Atlantic, a small part of the Ivory Coast shield is located in Brazil (Sao Luis shield). 
The WAC, which widely outcrops (2500 x 1000 km2), shows a “guitar shape”. Its basement is considered 
tectonically stable since 1700 Ma.  The West African Craton consists of an Archaean or 
Palaeoproterozoic basement covered by sediments ranging from the Neoproterozoic to the present day. 
It is entirely limited by several Pan-African or Hercynian orogenic belts. The old basement is exposed in 
two shields, the Reguibat Shield in southern Morocco and the Leo Man Shield, which connects the 
southern part of West Africa to the Guyana in South America. The sedimentary cover of the WAC is 
preserved in three main basins: the Tindouf Basin in southern Morocco, the Taoundeni Basin covering 
the central part of the WAC and separating the shield areas, as well as the Volta Basin. The Taoudeni 
basin is filled with both Proterozoic and Palaeozoic sediments, while the Tindouf basin is mainly made 
up of Palaeozoic sediments and the Volta basin comprises almost of Proterozoic sediments. The WAC is 
limited on the eastern side by the Pan-African Trans- Sahara Mobile belt (800-530 Ma), a giant suture 
zone formed during the collision of the Hoggar Shield (Pharusian Belt) and the Nigerian Craton 
(Dahomeyide Belt) with the WAC. At the north-western side, the WAC margin has been overthrusted by 
the Hercynian orogeny belt, extending from Morocco to Senegal, Villeneuve et al., (2000) (Figure 1). 
The Archaean and Palaeoproterozoic basement of the WAC crops out in two main areas: the Reguibat 
Shield in the north and the Man-Leo Shield in the south (Lompo, 2010). In the Man-Leo Shield, the 
Palaeoproterozoic comprises Birimian terranes (2.2 – 2.0 Ga) (Abouchami et al. 1990; Taylor et al. 1992; 
Hirdes et al. 1996), which predominantly consists of granitic batholiths, plutono-volcanic and meta-
sedimentary greenstone belts. The Palaeoproterozoic rocks of the Man-Leo Shield crop out in ten 
countries (Burkina Faso, Ivory Coast, Ghana, Guinea, Benin Liberia, Mali, Niger, Senegal and Togo). The 
general constitution shows high-grade metamorphic complexes with widespread granitic batholiths. 
Between the gneiss complexes, greenstone belts of plutono-volcanic and sedimentary sequences are 






Figure 1: Schematic geological map of the West African Craton (WAC) in the geotectonic frame of the 






The basement of the Proterozoic sedimentary platform cover 
The basement of WAC is made of Archean (Liberian, Leonian and pre-Leonian Age) to Paleoproterozoic 
(Birimian) igneous and metasedimentary sequences. The southern third part of the WAC was defined by 
Bessoles (1977) as Man Shield and renamed as Leo shield by Rocci et al. (1991). In the present paper, 
considering both definitions, the shield will be called Man-Leo Shield. The Man-Leo Shield itself 
comprises a western domain consisting of Archaean rocks of Liberian (~ 2.75 Ga), Leonian (~2.95 Ga) and 
pre-Leonian (~3.1 Ga) age (Wright et al., 1985), and an eastern domain (Baoule’-Mossi domain or 
Birimian/Eburnean province) composed chiefly of Palaeoproterozoic Birimian rocks that were affected 
by a major tectono-thermal event around 2.1 Ga. The formation of Birimian meta-sedimentary and 
associated igneous rocks marks a major Palaeoproterozoic juvenile crust-forming event that is loosely 
referred to as the “Eburnean orogeny”. Recent geochronological studies in Burkina Faso, Côte d´Ivoire, 
Ghana, Mali, eastern Mauritania and Senegal indicate that these rocks were formed over a maximum 
interval of ~2.25-2.05 Ga (Taylor et al., 1988, 1992; Abouchami et al., 1990; Liégeois et al., Boher et al., 
1992; Hirdes et al., 1992).   
In eastern Côte d’Ivoire and Ghana, the Birimian terranes mostly consist of northeast-trending, parallel 
and evenly spaced volcanic belts and intervening sedimentary basins. The volcanic belts (green stone 
belts) contain chiefly low-grade meta-lavas of predominantly tholeiitic composition, minor felsic meta-
volcaniclastic rocks, as well as ‘belt-type’ tonalite-granodoirite intrusions, two of which yielded U-Pb 
zircon ages of 2179 ± 2 Ma and 2172 ± 2 Ma ( Hirdes et al., 1992). The sedimentary basins consist of 
isoclinally folded, mostly dacitic volcaniclastic sequences, wackes and argillites (Leube et al., 1990) 
intruded by extensive, late-kinematic ‘basin type’ granitoid plutons which vary in composition from 
tonalite to peraluminous granite. These rocks have U-Pb ages between 2215 and 2060 Ma of the 
Eburnean orogeny, with most samples yielding ages around 2090 Ma (Bonhomme, 1962; Hirdes et al., 
1992; Davis et al., 1994). Siméon et al., 1992; Davis et al., 1994; Hirdes et al., 1996; Oberthür et al., 1998; 
Hirdes and Davis, 2002; Lahondère et al., 2002). 
In central Côte d´Ivoire, Mali, and Burkina Faso, continuity, spacing and parallelism of Birimian volcanic 
belts are less clearly developed, and terrains between them consist largely of gneisses and granitoids. 
The Volta Basin is one of the smaller among a series of depositional basins developed on the West 
African craton (Figure 2). It is located on the eastern margin of the Man-Leo Shield, which comprises 
crystalline rocks of Archaean to Palaeoproterozoic age. In Ghana, final consolidation of this cratonic 
basement took place during the Eburnean tectonic cycle, at around 2100-2000 Ma (Feybesse et al., 
2006). It is likely that the -Luis Shield in South America was 
originally contiguous with the Man-Leo Shield; hence, the common reference to the Luis-West African 
craton appears in many reconstructions of Rodinia (Feybesse et al., 2006). 
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Figure 2: Geological setting of the Volta Basin in the geological context of the West African Craton 
showing the principal sedimentary basin. (Modified after Deynoux et al. (2006)).  
 
Connection of West African Shield to Brazil 
The great controversy related to the continental drift hypothesis essentially began with the publication 
of Wegener's (1912) work Die Enstehung der Kontinente (Torquato et al (1981)). However, recent 
advances in geochronology have contributed immensely in establishing the link of Africa and Brazil. In 
this section, we shall concern ourselves mainly with the evidences connecting the West African Shield 
with Brazil. 
In this paper, the main evidence and conclusions regarding geological links between Brazil and Africa are 
summarized with emphasis on the geochronological aspects and also taking into account the geographic 





 (1) The Imataca and Falawatra complexes in the Guyana Shield and the Liberian Province of West 
Africa. 
In summary, the geochronological pattern, as evidenced mainly by Rb-Sr whole-rock isochron work, 
indicates a similar geological evolution of Venezuela, Surinam, Sierra Leone and Liberia, with at least 
three major cycles in the Early to Middle Precambrian, at about 3000-3600 Ma, 2700-2800 Ma and 
1800-2100 Ma. Moreover, although the two regions in Africa and South America are physically 
separated by a relatively narrow Late Precambrian belt (the Rockelides and their South American 
counterpart, the Paraguay-Araguaia Belt), their structural trends merge together, defining a single and 
very large ancient segment of continental crust. A schematic representation of the continuity of the age 
provinces across the Atlantic rift can be found in Hurley & Rand (1973). 
(2) The Paraguay-Araguaia and the Rockelide Fold Belts. 
A narrow metasedimentary belt of Pan-African age (Late Precambrian to Early Palaeozoic), the Rockelide 
Fold Belt, was described as surrounding the western side of the WAC (Allen, 1969). It includes the Rockel 
River Series, comprising phyllites, quartzites, itabirites and metavolcanic rocks, that overlies a basement 
in which Liberian and/or Eburnean rocks were rejuvenated by the Pan-African orogenic cycle. 
The Paraguay-Araguaia Belt, whose northern part exhibits N-S structural trends, is in direct continuation 
with the Rockelide Belt in the pre-drift reconstruction. This unit passes below the Mesozoic and 
Cenozoic sediments of the Lower Amazon Basin, at the mouth of the Amazon River, and has yielded ages 
in the 400-700 Ma range. Within the Paraguay-Araguaia Belt, the northernmost lithostratigraphic unit is 
the Tocantins Group, made up of low-grade metamorphic rocks, comparable with those of the Rockel 
River Series, exhibiting similar geochronological pattern (Hasui et al., 1975a). 
(3) The Sao Luiz and West African cratonic areas. 
The WAC is the geotectonic unit that comprises of the almost north-western part of the continent. It 
was extensively affected by the Eburnean orogeny at about 2000 Ma. The Sao Luiz cratonic area in South 
America seems to be a small piece of the same large unit that was separated during the Mesozoic 
drifting episode. The boundaries to the Late Precambrian orogenic belts on both sides of the cratonic 
areas fit perfectly in the pre-drift reconstruction. In addition, the geochronological pattern, with its 
predominance of Eburnean/Transamazonian ages, are completely comparable, as demonstrated by 






Figure 3: The Gondwana reconstruction at 150 Ma shows the structural relationship between West Africa 
and Brasilia, the position of the continental margin (red dotted line) at the Pan-African time and the 






The Neoproterozoic sedimentary sequence and the extent of 
the Volta Basin 
1.4.1 Introduction 
The history of the geological investigation of Ghana is closely related to its famous gold deposits. As a 
result of the substantial amount of gold deposits, the country was called the Gold Coast. These famous 
gold deposits are all closely bound to the Ghanaian basement outcrops (Griffis et al., 2002). As the 
prospecting for gold was the main reason to geologically investigate the country most efforts were 
directed towards the investigation of the pre-Voltaian basement (between 2195 Ma and 2072 Ma). Only 
little work was done in the much younger Voltaian Supergroup (between 1000 Ma and 529 Ma). 
The Volta Basin (Junner and Hirst, 1946; Bozhko, 1967, 1969, 2008; Annan-Yorke, 1971; Affaton, 1975, 
1990, 2008; Affaton et al., 1980; Porter et al., 2004; Carney et al., 2008) is the much smaller of the 
three main sedimentary basins (Taoundeni, Tindouf and Voltaian), covering the West African craton 
and consists of a 5– -lying Neoproterozoic to assumed Lower Palaeozoic 
sandstones, siltstones and mudstones with subordinate proportions of limestone and volcano-clastic 
sediments. Apart from the 115,000 km2 in Ghana, the basin occupies smaller areas in Togo, Burkina 
Faso, Benin and Niger (Figure 4). Along its western extent Voltaian sequences unconformably overlie 
the strongly deformed Palaeoproterozoic basement of the Man-Leo shield (Figure 1), here consisting 
of metabasaltic, metasedimentary and granitoid rocks of the Birimian complex and the slightly 
younger Tarkwaian sedimentary succession (Abouchami et al., 1990; Boher et al., 1992). The Voltaian 
strata are undisturbed over much of its outcrop area; they have shallow dips (1–2°) to the east or 
southeast. Near the eastern margin of the basin, the rocks have been affected by Pan-African (ca. 600 
Ma) deformation. Here, Dahomeyide (Pan-African) thrust sheets, the Buem and Togo/Atacora tectonic 
units, with characteristic fold structures have been emplaced onto Voltaian strata.  
Junner and Hirst (1946) have first studied the rocks of the Volta Basin. In the 1960’s, a number of deep 
boreholes were drilled by Soviet geologists (Bozhko, 1967, 1969), which provided new information on 
the stratigraphy of the basin (Bozhko, 2008). Other important contributions to the Voltaian geology in 
the 1960s are those of Grant (1967, 1969) and Saunders (1970). From the 1970s and onwards, the 
basin has been studied and mapped by Affaton and co-workers (Affaton, 1975, 1990, 2008; Affaton et 
al., 1980; Trompette, 1994). Recently the Volta basin was remapped by the British Geological Survey 
using airborne geophysical data, remote sensing data and field checks (Jordan et al., 2006; Carney et 
al., 2008),  EU-financed by the Mining Sector Support Programme (MSSP). All the available geological 
maps have been included in the geological compilation, satellite and aero-geophysical data 
interpretation, field checks, re-mapping, and conception of legend of the 1: 1.000.000 Geological Map 
of Ghana, edited and published by the Geological Survey Department of Ghana (GSD) in co-operation 
with the Federal Institute for Geosciences and Natural Resources, Hannover, Federal Republic of 
Germany (BGR - Bundesanstalt für Geowissenschaften und Rohstoffe) (Duodu et al., 2009).  
Considering the volume of data acquired in the last few years, not much work was done with respect 






Figure 4: Geological map of the Volta Basin (Couëffé et al., 2011, modified after Sougy (1970) and 






1.4.2 The Neoproterozoic Sedimentary Sequence 
1.4.2.1 Introduction 
In Ghana, the strata of the Volta basin are divided into three Groups, separated by major 
unconformities: in upward succession the Kwahu–Morago (Bombouaka) Group, Oti-Pendjari Group and 
Obosum Group (Kalsbeek et al., 2013) (Figure 5).  
 
Figure 5: Schematic W-E section of the Volta basin, Ghana, after Affaton (1990); note large difference in 
horizontal and vertical scales. To the east, the sediments of the Volta Basin are deformed and structurally 
overlain by the Buem structural unit, the lowermost of a succession of Dahomeyide (Pan-African) nappes. 
The increase of thickness in the eastern part of the Oti-Pendjari group could be explained by the folding 
in the footwall of the Buem thrust (Kalsbeek et al., 2013) 
 
1.4.2.2  Bombouaka Group 
The Kwahu–Morago (Bombouaka) Group unconformably overlies the Eburnean basement: it is up to 
1km thick and consists mainly of medium-grained sandstones, commonly with well-preserved 
sedimentary structures. The oldest strata referred to a ‘Dapang- Bombouaka Group’ by Affaton et al. 
(1980), but in the report of the British Geological Survey (BGS) in the Mining Sector Support Programme 
(MSSP) (Jordan et al., 2009), separated these strata into the age-equivalent Kwahu and ‘Morago’ 
(Bombouaka) Groups. The Bombouaka sediments are envisaged to have been deposited along the 
margins of an epicontinental sea. The stratigraphy of the Bombouaka Group is different in its four main 
outcrop areas (Kwahu Plateau, Kintampo Massif, Damongo Massif, and Gambaga Massif; Figure 4). In 
the Kintampo, Damongo and Gambaga Massifs a single succession of mudstones and siltstones is 
present within the Bombouaka Group, intercalated between sandstone formations. This unit is referred 
to in the Damongo and Gambaga Massifs as the Poubogou Formation (Figure 8). In the Kintampo Massif 





data (Bozhko, 2008). In the south, on the Kwahu plateau the Bombouaka Group has been subdivided 
into four formations (Figure 8), each with a thin unit (up to 10 m) of mudstones and siltstones at its 
base. On the radiometric map (Crowe and Jackson-Hicks, 2008) the Bombouaka Group can be clearly 
distinguished on the basis of its Th-dominated gamma radiation (Kalsbeek et al., 2010). 
1.4.2.3 Oti-Pendjari Group 
The Oti-Pendjari Group, is up to 4-5 km thick, and consists of two contrasting sequences (Kalsbeek et al., 
2013). At the base of the Oti-Pendjari Group, a typical `triad´ consisting of (locally occurring) 
volcanoclastic sequences, tillites, cap carbonates, and laminated siliceous rocks (silexites) overlie with a 
disconformity on the older Bombouaka Group (Figure 6). The `triad´ sequence can also be recognized in 
other Neoproterozoic successions in West Africa (Deynoux et al., 2006). The upper part of the Oti-
Pendjari Group yields prevailing shales and immature sandstones, that  have been interpreted to 
represent the transition from a rifted passive margin to a fully developed foreland basin, related to the 
Dahomeyide (Pan African) orogeny to the east (Carney et al., 2010).  
 
Figure 6: Thin stratified Cap Carbonates covering tillites in the Buipe limestone quarry. This rock sequence 
forms the lowermost part of the Oti-Pendjari Group (Kalsbeek et al., 2010). 
 
1.4.2.4 Obosum Group 
The Obosum Group consists of ca. 1 km thick continental sandstones and conglomerates (Figure 7). The 
sedimentary structures indicate westward current directions. The Obosum Group is interpreted as 






Figure 7: Conglomeratic sandstones at the eastern extent of the Volta Basin near Nkwanta, a lower 
member of the Obosum Group. 
1.4.2.5 Stratigraphic Controversy 
Previous authors (Junner and Hurst, 1946; Bozhko, 1967, 2008; Grant, 1969; Blay, 1983) correlated the 
siltstones and mudstones underneath the sandstones of the Bombouaka Group with similar rocks of the 
middle Voltain Oti Group. They concluded that the sandstone occurrences around Kintampo, Damongo 
and Gambaga, as well as certain sandstone units on the Kwahu Plateau, represented the 
stratigraphically uppermost parts of the Volta basin. In order to clarify the correlation  between the Oti 
Group and the Kintampo, Damongo  and Gambaga massifs as well as the Kwahu Plateau, mudstone and 
siltstone samples (Figure 8) were selected for analysis (Kalsbeek et al., 2010). Geochemical data (major 
and trace element concentrations as well as Rb-Sr, Pb and Sm-Nd isotope data) on siltstones and 
mudstones, intercalated with sandstones from the different units were used. Major elements were 
analysed by X-ray fluorescence spectrometry (XRF) on glass disks, but Na2O was determined by atomic 
adsorption spectrometry. The results of these analyses concluded that the samples from the Poubogou 
Formation in the Damongo and Gambaga areas, as well as similar samples from the Kwahu Plateau are 
geochemically and isotopically very different from the Oti and Obosum Groups (Kalsbeek et al., 2010). In 
comparison to the samples of the latter groups, the siltstones and mudstones from the Bombouaka 
Group (sensu Affaton, 1990 and Carney et al., 2008) are rich in K and Rb, they have less steep REE 
spectra and more pronounced Eu anomalies, and Rb-Sr and Sm-Nd isotope data indicate they were 
derived from much older source regions. This is in agreement with the results of recent geochronological 




Figure 8: Outline stratigraphy of the Bombouaka-Kwahu Group after Carney et al. (2008) and Carney 
(personal communication, 2009) with the location of the analysed mudstone and siltstone samples (for 
analytical data see Kalsbeek et al., 2010). Unnamed formations in the Kintampo Massif are only known 
from a borehole (Bozhko, 2008). (Modified) 
The consequence of this finding for the stratigraphy of the Volta Basin is that the Kwahu- ‘Morago’ 
(Bombouaka) Group represents the oldest formation of the sedimentary sequences of the Voltaian 
Supergroup, deposition of which started after 1000 Ma (Duodu et al., 2009). 
1.4.2.6 Stratigraphic Compilation 
The latest subdivision of the stratigraphy of the Volta basin was given by Carney et al. (2010). The 
sedimentary rocks of the Volta Basin (Figure 9) are within the Voltaian Supergroup, the lithostratigraphy 













Table 1: New lithostratigraphy for the Volta basin (Modified after Jordan et al (2009)). The bold 
abbreviations refer to the map (Figure 9) 
AGE VOLTA BASIN PAN AFRICAN BELT 
Quaternary 
(Holocene) 
Alluvium,  Alluvial Fan Deposits 
River Terrace Deposits 
 
Cenozoic Central Volta Surface: 





Undivided mudstones, siltstones and sandstones (Os) 
Tamale Sandstone Formation (Ta); 
Sang conglomerate (Sa)  
Densubon Sandstone Formation (De) 
Dunkro Sandstone Formation (Dk) 
 
--- UNCONFORMITY — 
 
Oti-Pendjari Group: 
Undivided mudstones, siltstone and sandstones (Pj) 
Bimbila Formation:  
Undivided mudstones, siltstones and sandstones (Ba) 
Bunya Sandstone Member (By) 
Chereponi Sandstone Member (Cp) 
Tease Sandstone Formation (Te)  
Ejura Sandstone Formation (Ej) 
Afram Formation (Af): 
Akroso Conglomerate Member(Ak) 
KodjariFormation (Kj): 
Darebe Tuff Member (Db) 
Buipe Limestone Member (Bp) 
 ---  MAJOR UNCONFORMITY -- 
 
 
Buem Structural Unit: 
Undivided mudstone, 
Siltstone and, sandstone 
sequences, slightly 
metamorphosed, 
















Todzi sandstones (Tz) 
 




Neoproterozoic Kwahu Group: 
Anyaboni Sandstone Fm. (An) 
Obocha Sandstone Fm (Ob) 
Abetifi Sandstone Fm (At)  
Mpraeso Sandstone Fm(Mp)  
Damongo Formation (Dg) 
Poubougo Formation (Pg) 
Yabraso Sandstone Fm (Yb) 





Fm. (Pn)  
 
 
Poubogou Fm (Pg) 
Tossiegou Fm (Ts) 
 
 










1.4.2.7 Minerogenetic subdivision of the Voltain sediments 
The above described sedimentary sequence (Jordan et al., 2009) yielded many detailed lithostratigraphic 
formations, facial diversities and unconformities which could be traced only in parts of the Volta Basin 
because of the scarcity of outcrops. With respect to the minerogenetic characteristics of the Voltain 
sediments, a tentative geotectonic subdivision will be introduced to simplify geological, geochemical and 
mineralogical classifications of the sedimentary sequence. 
 
Figure 10: Geotectonic subdivision of the Voltain sedimentary sequence. The magmatic activity was 
added (Modified after Nédélec et al. (2007)). 
The Volta Basin sedimentary sequences cover the Paleoproterozoic Eburnean basement, consisting of 
greenstone belts, low-grade meta-sediments and granite-gneiss terranes. In the research area, these are 
the Ashanti and Sefwi belts. The sediments are resting unconformably with erosional contacts on the 
basement; the lower conglomerates and sandstone seem to equilibrate the former paleo-relief. 
The lower part of the sediments represents conglomerates, massive bedded sandstones, fine- to 
medium -grained with some intercalations of siltstones (see Figure 10). There is a trend of a generally 
fining upwards. The siliciclastic sediments of the Bombouaka Group are covered by a marker horizon, 
consisting of a “triad” of lithologies (Kodjari Fm.): tillites and cap-carbonates as lower Buipe member. In 
the northern half of the basin, on top of the cap-carbonates, the silicic Darebe Tuff has been mapped. 
On top of the Kodjari Formation, a siltstone-chert-phosphate sequence was referred to be the lower 
part of the Oti-Pendjari Group (Affaton et al., 1980). The change in the sedimentary facies is described as 
“major unconformity” between the Bombouaka Group and the Oti-Pendjari Group. However, looking on 
the geological map, there is no angular unconformity, but in some places, the Pendjari-like sediments 
cut erosionally through the Bombouaka sandstones. The important change in the lithological 





reason for considering the Bombouaka Group and the lowermost Oti-Pendjari as epicratonic basin 
sequence (Figure 10).  
The upper Oti-Pendjari Group starts with micaceous siltstones. The Obosum Group coincides almost 
with Bozhko’s ‘Red Series’ (Bozhko 1969), marked by the first appearance of red quartz and arkosic 
sandstones, deposited on an unconformity surface. The upper Oti-Pendjari Group and the Obosum 
Group are now considered as orogenic foreland basin (Figure 10). The eastern parts of the foreland 
basin sediments are thrusted to the west, provoking a migration of the foreland basin in front and on 
top of the Togo and Buem thrust sheets. 
There is another argument in favour of the introduced subdivision. The only magmatic activity occurred 
within the triad lithology. The Darebe tuff member is dated as latest Neoproterozoic, time equivalent to 
the bimodal extrusive suite in the Buem Structural unit. At approximately the same time, the swarms of 
basaltic rocks intruded the sandstones of the Bombouaka Group. No basaltic dyke cross-cutting the 
upper Oti-Pendjari and Obosum Groups have been observed. The magmatic activity could mark the 
break-up of the Rodina supercontinent and the beginning of the accumulation of continental margin-
related sediments. 
Shortly after the opening of an oceanic basin, east of the Volta Basin; the oceanic basin was closed 
because of the subsequent collision of thrusted parts of the continental margin onto the Volta 
epicontinental basin. 
The latest, almost sub-recent formation comprises extensive lateritic and regolithic formations covering 
the molassic Obosum sediments. 
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The Pan-African Mobile Belt 
The Pan-African Dahomeyide orogenic belt is interpreted as the result of closure of an oceanic basin by 
the collision of exotic ensialic blocks with the passive continental margin of the WAC (Duodu et al, 2009).  
The Pan-African Dahomeyide orogenic or mobile belt forms the eastern margin of the Volta Basin. It is 
separated from the Paleoproterozoic basement rocks and the sediments of the Voltaian Supergroup by 
the generally north-south trending, westwards directed Pan-African frontal thrust. The Pan-African 
Dahomeyide mobile belt consists of several thrust sheets, with degree of deformation and metamorphic 
overprint increasing towards the east/southeast. In the geological map presented in the last decade 
(Duodu et al., 2009), the least deformed and metamorphosed unit is the Buem Structural Unit (BSU). To 
the east, the BSU is overthrusted by the Togo Structural Unit (TSU). East of the TSU, parautochthonous 
gneisses and quartzites form the Atacora complex. The last three units are considered as the external 
zone of the Dahomeyide orogen (Attoh et al., 1997). The metamorphic overprint reaches the highest 
level as higher greenschist- to lower amphibolite-facies grade in the Atacora complex (Attoh et al., 1997) 
or Dahomeyan Supergroup (Duodu et al., 2009). The TSU show generally greenschist-facies 
metamorphic grade, whereas the BSU yields only lower greenschist-facies mineral composition in the 
rocks. The central suture zone east of the TSU comprises juvenile mafic gneisses and some ultramafic 
rocks displaying a peak-metamorphic age of 603 Ma, and – to –its northwest and southeast – of 
intermediate and felsic gneiss granitoid terrains, which are lithological diverse and contain slivers and/or 
protoliths of the Eburnean age. 
The protoliths of the BSU and TSU rocks are lithological and time equivalents of arenitic and argillitic 
sediments of the early Neoproterozoic Kwahu- ‘Morago’ Group. The BSU also comprises minor 
occurrences of alkali basaltic and trachytic volcanic rocks. 
In addition, to the BSU and TSU, two newly defined tectonic units will be introduced as basis for 
minerogenic issues. 
1.5.1 The Buem Fold and thrust belt  
The Buem Structural Unit (BSU) is a fold-and-thrust belt, protoliths of which consists of a succession of 
massive arkoses and a thick section of shales and mudstones, locally interbedded with chert and 
limestone sequences and in some cases alkali-volcanic rocks (Osae et al., 2006). The tectonic foliation of 
the BSU rocks is predominantly E-dipping and folded about a N-S steep dipping axial planes (Jones, 
1990). Affaton (1990) considered, from tectonic structures along its western margin, the BSU is the 
“westernmost unit of the external zone”. 
The meta-sedimentary clastic rocks form the uppermost and lowermost parts of the succession. They 
comprise sandstones, fine-grained quartzites, siltstones and red shales. In the upper part of the 
succession, sandstones tend to crop out in lens shaped bodies from a few hundred metres to a few 
kilometres long. The lenticular shape of the sandstone bodies and paucity of sedimentary structures 
suggest their deposition as alluvial fan deposits (Jones, 1990). The associated shales are red, contain 
desiccation cracks and ripple marks indicating shallow water or subaerial deposition. The clastic 
sediments are therefore, of continental origin. Quartzites (meta-sandstones) occur related to the 





The jasperoid rocks are a series of bedded, normally red cherts of massive appearance and sometimes 
brecciated. Similar lithologies could be described as a result of the hydrothermal or metasomatic 
alteration of the clastic sediments, limestone and volcanic rocks (Junner, 1940; Jones, 1990).  
The protoliths of the BSU are considered as a tectonic and metamorphic lateral equivalent of the middle 
part of the Voltaian Supergroup, age of which was estimated as 620-640 Ma (Grant, 1969; Affaton et al., 
1980). However, K/Ar ages of three Buem volcanic specimens give a mean age of about 512 Ma (Jones, 
1990), which is younger than the expected ~630 Ma age of deposition of the Buem Formation. Jones 
(1990) suggested that the 500 Ma age coincide with the metamorphic and metasomatic events that 
affected the Buem rocks after their deposition. Affaton et al. (1997), however, identified an earlier weak 
metamorphic imprint that is older than the Pan-African collision and may be coeval with the age of 
sedimentation. This metamorphic imprint is marked by prehnite-pumpellyite facies metamorphism 
developed under temperatures of 200-300 °C. 
The alteration products of this metasomatic event include:  
(1) Alteration of the volcanics to sericite, chlorite and carbonates; 
(2) Formation of epidote/quartz veins in the volcanics; 
(3) Intrusion of quartz veins into the sandstones, and  
(4) Development of jasper from a possible limestone precursor. 
 
Along the eastern boundary of the BSU, serpentinitic rocks form massive, several tens to hundreds of 
meters long bodies which show at the margins a deformed aspect by the development of the strong 
schistosity. In some cases, the serpentinites are chromite and magnesite bearing.  The serpentinites 
mark thrust faults related to the continental collision at about 500 Ma (Jones, 1990). 
1.5.1.1  Volcanic rocks of the Buem Structural Unit 
The volcanic and volcano-sedimentary rocks are widespread in the western and central part of the BSU 
(Nude et al., 2015). The outcrops in hilly areas exhibit breccia-type lavas or flows included in the 
sedimentary sequences. In some cases, the amygdoidal texture of the basalts is in favour of small lava 
dome structures. The majority of the rocks yield indications of slight hydrothermal alteration (silification, 
chloritisation – see Figure 11 ).  
  
 
Figure 11 : Brecciated basic lava in a silicified matrix 
west of Ahenkro, eastern shore line of the Volta Lake. 









Jones (1990) suggested that the basic volcanic rocks were probably erupted during a period of tension 
related to continental breakup at about 650 Ma. Characteristic for the volcanic rocks of the BSU is a 
bimodal compositional trend (Figure 12). The geochemical data are presented in the attachment 1. 
 
Figure 12: Classification of the volcanic rocks of the BSU in the TAS proxy diagram by Pearce (1996) 
shows a bimodal distribution of the rocks in the fields of alkali basalts/basalt and phonolite/trachyte. The 
grey quadrangles represent data by Nude et al. (2015); the green dots are data from the present study. 
 
Both geochemical data sets have been used to search for the original provenance, the geotectonic 
environment in which the alkali intermediate to basic volcanic rocks have been emplaced. Following the 
proposal by Pearce (2008, 2014), the basaltic rocks yield different trend lines (Figure 13). 
The main trend follows the line of Oceanic Island Basalts (OIB), which could be generated in plume 
related melting columns near hot mid-oceanic ridges. The basaltic rocks show a higher degree of melting 
and an enrichment of incompatible elements (Nb+Ta) as well as the light REE, compared to MORB. A 
second trend follows the E-MORB line by Pearce (2008), which could be indicative of basalts in ophiolites 







Figure 13: Diagram of MORB-normalized element content Pearce (1996) of the basaltic rocks of the BSU 
shows two different trend lines. 
 
The age of the basaltic and tephritic/phonolitic volcanic rocks are not well constrained up to now. The 
field relationship argues for an extrusion onto or a shallow intrusion into the Buem sedimentary 
sequence, in some cases volcanoclastic breccias in greenish tuffaceous cement appear. The imbrication 
of the BSU on the epicontinental basin rocks show a time span from about 640 Ma to ~ 580 Ma, deduced 
from 40Ar/39Ar dating of white mica and hornblende in the Togo nappes ( Attoh et al., 1997). This ages 
should be an upper constrain on the ages of the above described basaltic rocks. 
The tillites of the upper epicontinental sequences (Buipe) have been dated as slightly older than 620-638 
Ma (Affaton et al., 1980). The age of felsic Darebe tuff, covering the Buipe Limestone and tillites has 
been dated by U/Pb on zircon with 601±2 Ma (Jordan et al., 2009). That means that the development of 








1.5.1.2 Dating of the volcanic rocks of the Buem Structural Unit 
Two samples of basaltic rocks were prepared for dating by the 40Ar/39Ar method, using whole rock slivers 
of the groundmass of the extrusive rocks. Both samples looked rather fresh and unweathered in the 
field, yielding amygdoidal bubbles filled with calcite (Figure 14). 
 
Figure 14: Thin section photograph of the sample G105RK1, a basaltic flow. Xenocrysts skeleton 
plagioclase, albite twins and fine-grained mafic enclaves with chlorite rims are scattered in a dense 
groundmass. The groundmass itself consists of fragments of slightly different texture and grain size. 
 
Figure 15: 40Ar/39Ar step heating experiment of the sample G105RK1. There are no consistent steps to 
calculate a plateau age. The isochrone of 36Ar/40Ar versus 40Ar/39Ar yields an age of 623±7 Ma, which 






One sample released too much excess argon, both plateau and isochrones age gave no reliable 
geological age (G100RK1). The second sample, the basaltic lava G105RK1 has also disturbed plateau 
features, but the isochrones exhibits a cooling age for the basalt of about 623±7 Ma (Figure 15). This 
data agrees with the earlier dated basalts of 624 Ma in this area (Bozhko et al., 1971) 
The age of the basalts fits (in the errors) to the data of the Darebe tuff, indicating a Late Neoproterozoic 
bimodal magmatic pulse in the area of the recent Volta Basin. The magmatic activity coincides with the 
Marinoan global glaciation event, dated at 635-620 Ma. Phosphorites from the Oti Group exhibit ages of 
about 576±13 Ma (dated by the Lu–Hf method - Barfod et al. (2004)). These two marker points are in a 
good agreement with the scarce data of the Dahomeyide orogeny. Here the peak metamorphism was 
dated at about 612 Ma (Affaton et al., 2000). But the cooling (uplift) ages of amphibole and white mica 
of about 580 Ma (Attoh et al., 1997), in the structure of the BSU are also important: the cooling ages 
give a constrain to the beginning of the accumulation of the Obosum and the Oti sediments. 
The list and locations of the other sampled rocks in the area is indicated in (Table 2 and Figure 16). 
 
Table 2: List of volcanic rocks in Nkonya Ahenkro area  
Sample_Nos Longitude Latitude Rock description  
G79RK1 0,3183 7,1316 trachyte 
G80RK1 0,3181 7,1312 trachyte 
G80RK2 0,3181 7,1312 trachyte 
G81RK1 0,3176 7,1310 trachyte 
G82RK1 0,3175 7,1306 trachyte 
G83RK1 0,3173 7,1300 trachyte 
G83RK2 0,3173 7,1300 phonolite 
G84RK1 0,3167 7,1293 trachyte 
G85RK1 0,3142 7,1258 trachyte 
G86RK1 0,3127 7,1235 trachyte 
G86RK2 0,3127 7,1235 trachyte 
G87RK1 0,3128 7,1190 trachyte 
G87RK2 0,3128 7,1190 phonolite 
G88RK1 0,3133 7,1197 trachyte 
G98RK1 0,2918 7,1373 alkali basalt 
G99RK2 0,2918 7,1366 alkali basalt 
G102RK1 0,2766 7,1461 alkali basalt 
G104RK1 0,2710 7,1443 alkali basalt 
G104RK1a 0,2710 7,1443 alkali basalt 













1.5.2 New defined units 
Some areas of the BSU as defined by the 1: 1.000.000 geological map of Ghana (Duodu et al., 2009) was 
also investigated under the Mining Sector Support Programme (MSSP) with geochemical sampling (van 
Rooyen, 2009) and airborne geophysical survey (Geotech, 2009). The correlation of the airborne 
magnetic patterns with the reprocessed data from the geochemical sampling in combination with the 
Digital Elevation Model (DEM) led us to argue for a new geology and tectonic unit in the frame of the 
BSU. This newly defined unit lies between the Buem Structural Unit (BSU) and the Togo Structural Unit 
(TSU) called the “sub-Buem Unit”. This new unit occupies parts of nine (9) 1:50.000- scale topographic 
sheets of Ghana (0800D3, 0800C4, 0700A2, 0700A4, 0700B1, 0700B3, 0700C2, 0700D1, & 0700D3). 
Some of the towns and villages in the area are Dadiase, Kromase, Bontibo, Brewaniase, Abubruwa, Dodo 
Pepesu, Dodi Papase, Kadjebi, Jasikan, Asukokoo Forest Reserve, New Ayoma, Nkwanta etc.  
This area has the following coordinates in decimal degrees stretching from 0, 4° E to 0,6°E; 7,5°N in the 
south and tapers to 0,56°E , 8,30° in the north (Figure 17) 
 






1.5.2.1 Definition of the “Sub-Buem Unit” 
The definition of this new area was achieved through the following steps. The first step was the 
interpretation of the Total Magnetic Intensity (TMI) map to delineate areas with anomalous high values, 
which could correspond to outcrops of basic or ultrabasic rocks. The second step was the “groundcheck” 
of geological maps of different scales and own fieldwork to verify the rock type and extent of outcrops. 
In the third step, the DEM was overlaid to mark outcrop areas of weathering resistant rock types, fold-
and-thrust-structures or limiting faults. 
In the eastern part of the newly defined area, silicificated volcano-sedimentary sequences form a hilly 
topography or relief. In the west, in addition to the mafic and volcanic rocks, ultramafic rocks occur. The 
lense-like ultramafic bodies are almost serpentinised but still its signature could be delineated with the 
magnetic pattern (TMI).  The western limit of the distribution of ultramafic rocks was interpreted from 
the DEM with a thrust front as the limit. The results from the processing with the Advangeo prediction 
software, and the interpreted limit of the distribution of the ultramafic rocks by magnetics coincided 
perfectly with what was interpreted with the DEM. 
1.5.2.1.1 Justification for the delineation of the new area 
To confirm the accuracy of our interpretation of the DEM & TMI, we did some “ground truthing”. The 
results of different rock types of our field investigations and laboratory analyses of the outcrops support 
the idea that the ultramafic rocks are concentrated along the western boundary of this new tectonic 
unit. It is supposed, that the serpentinite bodies mark a thrust fault, imbricating the metavolcanic rocks 
onto the metasediments of the BSU. Additionally, all available data sets were processed by the 
Advangeo software. The results of the processing show a clear difference of the “Sub-Buem Unit” to the 
surrounding units. 
The following data sources were used for the delineation of the area 
i. Geochemical data from the Mining Sector Support Programme (MSSP) – Nkwanta Area (van 
Rooyen, 2009) 
ii. Map of Total Magnetic Intensity (TMI) of Ghana by the Geological Survey Department of Ghana 
iii. Digital Elevation Model (SRTM30 – NASA 2015)  
iv. I: 1 000, 000 geological map of Ghana (Duodu et al., 2009) 
v. Geological Map (1: 100,000) of the area (Delor et al., 2009) 
     
All these maps indicate the presence of serpentinites with the ultramafic rocks in the area. But these 
rocks have not being reported in the southernmost part, neither from the west nor from the north. It 
means that this is a unique part of the Pan-African Volta Basin or at least in the Ghana part, where such 
serpentinites could be found. A photograph of one of the locations and an example of a rock in the new 





1.5.2.2 Examples of rocks in the “Newly defined unit” 
 
Figure 18: Hill slope, Abubruwah 
 







1.5.2.3 Definition of the “New Foreland Unit” 
During fieldwork in 2013, several outcrops along river banks and road cuts were documented west of 
Nkwanta town. The outcrops yielded sequences of tightly folded, thin-bedded silicic layers. The outcrops 
are located west of the supposed Buem thrust front (see Figure 21). The outcropping sequences 
correlate with Middle Voltain “grey members” described by Bozhko (1967, 1969). A typical cross-section 
of thin-layered silicic beds is shown in Figure 20. The layers form a tight fold with some tear faults. The 



















Figure 20: A-outcrop of thin-bedded silicic layers in the river cut of the Kpassa river. In the centre of the 
photograph, a fold hinge (axis). B- Synthetic cross-section of the fold structure. C-Tectonic data of the 
fold structure in the Schmidt net. D-Cross-section of similar rocks penetrated by the Yendi deep drilling. 





The extent of the folded sedimentary sequences beyond the Buem thrust was traced by surface and 
drainage pattern, characteristic for the outcrop area. Considering the folding of the supposed Middle 
Voltain sequences, the increase of thickness of the sedimentary sequences presented by Bozhko (1967, 
1969) and Affaton (1990) (see Figure 5) could be explained as structural thickening by folding and 
thrusting of the epicontinental sedimentary series by the westward movement of the Dahomeyide 
orogenic nappe complexes. 
 
 
Figure 21: Extent of the New foreland unit interpreted from outcrops of deformed Middle Voltain 




 Interpretation of the deep structure of the Volta Basin 
The block model in Figure 22 was constructed considering all available information from the geological 
mapping, airborne gravity and geomagnetic surveys (Fugro, 2005/2008), and deep drill holes (see Figure 
21). The area of the recent Volta Basin is underlain by Paleoproterozoic supracrustal and intrusive rocks 
(Birimian Supergroup, Tarkwaian Group, ‘Tamnean’ Plutonic Suite, Eburnean Plutonic Suite), which 
formed between 2195 Ma and 2072 Ma (Duodu et al., 2009). Along its western margins, the Voltaian 
strata unconformably overlie the strongly deformed Palaeoproterozoic basement of the Man- Leo block 
(Abouchami et al., 1990; Boher et al., 1992). Over much of its outcrop area, Voltaian strata are 
undisturbed; they have shallow dips (1–2°) to the east or south-east, but near the eastern margin of the 
basin the rocks have been affected by Pan-African (ca. 600 Ma) deformation and steeper dips occur. In 
eastern Ghana, rocks of the Volta basin have been over thrusted by metasedimentary rocks of the Buem 
and Togo (or Atacora) structural units that belong to the Dahomeyide orogeny. In contrast to Voltaian 
rocks the latter are strongly folded and have undergone variable degrees of metamorphism (Kalsbeek et 
al., 2008). 
From the airborne geophysical interpretation by Fugro (Fugro, 2005/2008), the Birimiam volcano-
plutonic belts extend beyond the basement cover into the Volta River sedimentary Basin. In the south of 
the research area, the Kibi-Winneba, Ashanti and Sefwi belts are shown underlying the sediments of the 
Voltaian Supergroup (Figure 22). In eastern direction, the magnetic pattern of the Birimian volcano-
plutonic belts disappears by the smoothing of the pattern. The reason for this effect could be a 
deepening of the basin with increasing volume of sediments, especially sediments of the foreland 
basins. The basic dykes, mapped in the Birimian basement and in the westernmost part of the Volta 
Basin, can be traced by geomagnetic anomalies up to the centre of the Volta Basin. To the east, the 
appearence of thick basic dykes is hidden by a similar smoothing effect of overlying thick sedimentary 
sequences of the syn-orogenic sedimentary series. Therefore, the basic dykes do not intrude the syn-
orogenic series and are restricted to the sediments of the epicratonic basin. Therefore, the basic dykes 
are assumed to be related to the time of continental break-up and similar in age to the Darebe Tuff 
member and the volcanic rocks of the Buem Structural Unit. If that conclusion is correct, the epicratonic 
basin should have undergone a major erosion event before the accumulation of the overlying syn-
orogenic sediments. 
There is a general increase in the thickness of the Voltain sediments from west to east but there is an 
abrupt break in this trend in the east (Figure 22). This general decrease in basement depth in the eastern 
margins of the basin, linked with roughness of the basement topography could be interpreted as 
thrusting of large basement slivers. The interpretation of the regional gravity data indicates further 
structures associated with basin closure and thrusting towards the end of the Pan-African Orogeny 
(Dahomeyide tectonic event?) lie to the east, outside the Volta River Basin survey area (Fugro, 
2005/2008). 
Extensive granitic complexes are interpreted as being present throughout the Volta River basin. 
Generally these granitic intrusions are identified by moderate to high amplitude magnetic features with 
correlating high amplitude gravity highs, though low amplitude magnetic responses are noted from 
some area of Birimian granitic intrusive rocks (Fugro, 2005/2008). Many of the intrusive rocks appear to 
be structurally controlled, possibly taking advantage of weak zones of the basement. Of particular 





Neoproterozoic in age. The location of these granitoid bodies to the west of the interpreted thrusted 
front indicates that they may have been intruded during a second rifting stage along zones of weakness 
in the basement resulting from the earlier failed rifting (Figure 22)(Fugro, 2005/2008). ). Up to now 
there is no field observation of a contact-metamorphic overprint of the sedimentary rocks on top of the 
supposed granitic intrusions. Another possible interpretation of these geophysical anomalies could be 
Proterozoic (granitic?) basement slivers thrusted during the Dahomeyide orogeny, as already mentioned 
above. 
Geomagnetic, geomorphological and radiometric (K, Th, U) data (Fugro, 2005/2008) permit to 
differentiate between the sediments in the recent erosional cut of the Volta Basin. There is one 
prominent (post-orogenic?) fault, the Pru fault, which trends from the western margin of the basin 
connecting the Premuasi and the SGST-9 deep drill holes in the east to the western margin of the basin. 
The northern block seems to be uplifted relative to the southern block, which exhibit silty high-potassic 
sediments. Similar block structures and relative movement along E-W trending faults are also proposed 
along the fault south of Buipe (SGST-7). 
In summary, the Volta Basin can be considered as composite basin of epicontinental and orogenic 
foreland basins related to an orogenic thrust belt. The basement of the Volta Basin consists of 
Paleoproterozoic basement complexes including both greenstone belts and granite-gneiss terranes. 
 
Figure 22: Block model of the deep structure of the Volta Basin down to 6 km depth  
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 Mineral occurrences and mineral indications  
Metallic Minerals  
1.7.1 Introduction 
Historically, not much is known about the mineral wealth of the Voltaian Basin. Although many efforts 
have been spent to identify occurrences of the principal minerals of Ghana (gold and diamonds) in the 
sediments, nothing significant could be found. Only single small diamonds and specks of gold were 
found in recent river gravel, very limited gold in the basal conglomerates of the Kwahu-Morago 
Supergroup on top of the Birimian greenstone belts, in the Ejuanema placer and the Oboase 
hydrothermal vein (Jordan et al., 2006, Figure 23).   
Junner (1935) reported small amounts of gold located in the conglomerates and volcanic rocks of the 
Buem Structural Unit as well as in the Voltaian and Akwapimium conglomerates (cited in Jordan et al., 
2009).  
BIF related iron is known from the Sheini deposit close to the border with Togo.  
The most important known metallic mineral deposits are bauxites from the Mt. Nkwanta and Mt. 
Ejuanema deposits. Genetically they are reworked laterites from the basement (Kesse, 1985).  
In order to improve the unsatisfactory situation the recent study was undertaken to identify new 
mineral indications, establish relationships between the geological history and mineral formation and 












1.7.2 Iron (Fe) 
Ghana has three types of iron deposits (Figure 24),  
i. The BIF type as can be found mainly in the Sheini iron deposit 
ii. The lateritic type as can be found in Akpafu iron deposit in the Buem Structural Unit 
iii. The titaniferrous – magnetiferous iron ore (Kesse, 1985) occurs in Pudo (on the border with 
Burkina Faso in the north), which is outside of the research area  
 
Figure 24: Map showing locations of both the major and the minor ore deposits of Ghana. (Modified 






1.7.2.1 Iron in BIF 
1.7.2.1.1 The Sheini deposit and surroundings 
In the research area, BIF related iron ores occur exclusively in the area of Sheini, in the Northern Region 
of Ghana about 160 kilometres east of Tamale. A small part of the deposit occurs in the Republic of 
Togo. The deposits form a north-south range of hills which rise about 60 metres above the surrounding 
plain, stretching over a distance of more than 36 kilometres (Kesse, 1985). 
The greater part of this area is occupied by a dissected plateau with a height of about 120 to 150 metres 
above sea level. The eastern edge of the plateau is broken by the Sheini Hills which extend some 19 
kilometres southwards from the village of Sheini to Nyankabia (Kesse, 1985). 
The Iron Formation is located mainly within the Ghanaian part of the Buem Formation, but some of the 
bodies also cross the border into Togo. The iron mineralization is associated with tillites situated near 
the base of the Buem Formation. 
The Iron Formation forms a folded sedimentary unit several hundred metres thick and outcropping 
along wide ridges (or sets of parallel ridges) running for more than 35 kilometres in a north–south 
direction. They are composed of a number of horizons varying in lithology, grain size, and mineral 
composition. The individual horizons of the Iron Formation have a thickness between 20 m and more 
than 100 metres and are interbedded with sandstones, siltstones, and probably quartzites. The iron 
bearing horizons dip 10°–45°, mainly to the east-southeast (in the Sheini south and Kubalem area) and 
also to the west in the area west of Sheini Village (http://www.cardero.com/i/pdf/reports/2012-01-
18_NI43-101.pdf). 
1.7.2.1.2  Deposit type 
The observed geological, mineralogical, and geochemical features indicate that the Sheini mineralization 
fits a Banded Iron Formation (“BIF”) model. The wide scale presence of hematite and rarity of magnetite 
may indicate Hematite-rich Banded Iron Formation (“H-BIF”). More likely however, the low amount of 
magnetite at the surface is probably due to surface alteration (oxidation) of magnetite to hematite 
(martite) (http://www.cardero.com/i/pdf/reports/2012-01-18_NI43-101.pdf).  
1.7.2.1.3  Sheini Geology  
 The area is located at the boundary between the overlying Volta Basin (Oti-Pendjari Group) and Buem 
Formation, which hosts the Iron Formations. The exact position of the border between these two major 
units is not clear due to poor outcrop distribution east of the north– south-trending ridges formed by 
the quartzites and Iron Formations. However, these ridges are thought to be part of the Buem 













Rocks of both formations (Oti-Pendjari Group and Buem Formation) are no, or only weakly 
metamorphosed, respectively. The rocks of the Oti-Pendjari Group are usually not deformed and are flat 
lying. The rocks of the Buem Formation are folded, dipping mainly to the east. The rocks that occur 
within the Sheini area can be divided into three major groups: 
• The footwall to the Iron Formation is composed of sandstones, arkoses, mudstones, and shales 
of the Oti-Pendjari Group and Sheini quartzites, which is part of the Buem Formation, thrusted onto the 
Oti- Pendjari Group. The Sheini quartzites form ridges, isolated rounded hills and boulder outcrops.  
• The Iron Formation includes BIF, chert, and ferruginous tillites (Figure 26 and Figure 27). 
• The hanging wall to the Iron Formation is composed of mudstones, greywackes, polymictic 











Figure 27: Diamictitic iron ore with drop stones near the Buem structural unit 
 
1.7.2.2 Iron in Laterites  
1.7.2.2.1  Laterite hosted iron ore deposits in West Africa 
Ferruginous lateritic duricrusts occur throughout West Africa, but rarely form economic accumulations 
of iron ore mineralization. The ferruginous lateritic duricrusts developed during the Mesozoic and 
Cenozoic in stable, slowly eroding, tropical environments of contrasting seasons (Nahon, 1991). The 
lateritic crusts commonly form through in situ chemical processes; iron crusts are located on lower 
present-day elevations relative to bauxitic formations (Yardy, 1993; Brown et al., 1994). Laterites that 
formed as caps and ferruginous duricrusts hosts a variety of associated minerals including magnetite, 
goethite, hematite (martite), silica, gibbsite; minor manganese, sulphur and phosphor. Average iron 
oxide grades of approximately 35-45% Fe2O3 are common (Markwitz el al., 2016). 
Lateritic formations at the Guinean Kaloum Centre deposit average 30-40 m, but can be up to 100m 
thick and usually contain ferricretes or bauxitic components. Mineralization of iron ore is accompanied 






Figure 28: Laterite Boulder, southwest of Abrumase, Northern Ghana (UTM Coordinates, 719100, 
935145) 
1.7.2.2.2 The AKPAFU IRON DEPOSITS 
Ghana has lateritic deposits of iron ore and bauxite (Figure 28). The lateritic iron ore deposit in the 
Western Region is Opon Mansi Iron Ore deposit, which is outside our research area, however, the minor 
iron ore deposit, the Akpafu iron ore deposit, is in the research area (Figure 24). 
In Ghana, as in other tropical and equatorial countries, huge quantities of superficial limonite have been 
formed by laterization. Much of this is of no real economy significance, as the quality of the ore is often 
poor and the quantity, small. At times, some deposits have proved as suitable for small-scale 
development (Kesse, 1985) 
Even the highly ferriferous bauxites may be classified as iron ore of fair to poor quality, but there are 
some deposits, which are not of this type, such as those at Akpafu. These are located on the Santrokofi-
Akpafu ranges immediately east of the Hohoe-Jasikan road. These ranges rise to about 760 metres in 
places and exhibit steep slopes in the west. Vertical scarp surfaces, probably fault line scarps, exist at 
some localities at the western side of the Akpafu range.  
The area is underlain by quartzites interbedded with shales and phyllites. The deposits are local limonite 
occurrences in haematitic, cherty quartzites. The iron-rich solutions have been unable to percolate 
through the shales and phyllites and have therefore been deposited in the form of the sesquioxide 





  The ore produced in the process outlined above is highly erratic in occurrence. It is often small in extent 
and frequently, has a thick overburden of rock and soil. The haematitic cherty quartzites are not of iron 
grade. 
 
1.7.2.2.3 Economic relevance of Iron ores in research area 
In our research area, there are two main iron ore deposits, Akpafu and Sheini. Akpafu is a type of 
superficial limonite, which has been formed by lateritization as can be found in other tropical and 
equatorial countries. Much of the ore is of poor quality and the quantity is small, as such, it is of no real 
economic significance.  The iron ore supported local industries in the locality (Akpafu-Todzi Township) in 
the past (Kesse, 1985). 
The Sheini iron deposit on the other hand, promises to be a potentially large one. The Sheini Hills Iron 
Deposit contains a total Inferred Mineral Resources of 1,312 billion tonnes grading 33,80%. 
Mineralization is present as both banded and granular iron formation with local hardcap development, 






1.7.3 Aluminium (Al) 
Ghana has lateritic deposits of iron ore and bauxite. The bauxite deposit in our research area is that of 
Ejuanema. 
1.7.3.1 Introduction  
Ghana is one of the West African countries rich in bauxite deposits or reserves. The deposits belong to 
the so called blanket deposits for they are associated with erosion surfaces of old peneplains and occur 
as cappings on the flat tops of hills or mountains whose heights are generally greater than 2000 feet 
(greater 600 m) above sea level (Kesse, 1985). 
 At the moment, four bauxite deposits of industrial importance are known to occur in the country. The 
reserves of these deposits have been calculated or estimated. Below are the potential of these deposits 
(Table 3) 
Table 3: Major Bauxite deposits of Ghana (Kesse, 1985) 
Aya - Nyinahin Group 350 million tonnes 
Kibi 152 - 180 million tonnes 
Sefwi- Bekwai (Awaso) 19 million tonnes 
Mt. Ejuanema 5,1 million tonnes 
 
All the major bauxite deposits with the exception of Mt. Ejuanema, are associated with Birimian rocks. 
Out of the four main deposits of industrial importance, it is only the Ejuanema Deposit, which falls 













1.7.3.2    Mount Ejuanema bauxite deposit 
Location:  This deposit lies on the summit of Mount Ejuanema, a remnant at the edge of the escarpment 
of the faulted and highly dissected Kwahu Plateau two miles north of Nkawkaw. Nkawkaw is a town, 170 
km, NNW of Accra on the Accra –Kumasi Highway (Kesse, 1974). 
1.7.3.2.1 Geology 
At Ejuanema, bands of sandstone and shale, over 300 metres in thickness rest upon Dixcove type (belt-
type Early Proterozoic) hornblende granite. The area is located at altitudes between 700- 800 metres. 
The bedrock below the laterites in this area belong to the Voltaian Supergroup and consist of a series of 
irregularly alternating bands of grey, green, brown, yellow, chocolate and purple colours clay shales, 
mudstones, sandy shales, thin-bedded flaggy and shaly sandstones and massive quartz sandstones. The 
bedding planes generally dispose horizontal layering, though in some places, they are gently inclined to 
north and northeast. Locally, a coarse-grained, thick conglomerate is found near the base of the 
sequence, but generally, the rocks are argillaceous near the base and more arenaceous at the top 
(Kesse, 1985). 
The sedimentary sequences at the Kwahu plateau are influenced by intense and deep erosion. Only 
remnants of the original beds of clay and shales are exposed on top of Mt. Ejuanema and at a number of 
places in the valleys at different altitudes (Table 4). 
Table 4: A simplified stratigraphic column of Ejuanema Deposit (modified after Kesse, 1985) 
Stratigraphic unit Rock type 
Quarternary Red, red-browngreyish soil with detritus 
Tertiary –Quarternary (?) Bauxite-lateritic complex 
Kwahu Group (base of the Voltaiain Supergroup) Vari-coloured clay, clay-shale and sandstone 
sequences 
Birimian Supergroup (Early Proterozoic) Metamorphosed hypabyssal basic intrusives 
Birimian Supergroup (Early Proterozoic) Dixcove granitoide complex  
 
Origin of Bauxite at Mt. Ejuanema 
The laterites form by chemical leaching of silica and probably due to the downward circulation of water 
during weathering. The original clay shales, which consist of hydrated silicate of alumina, have been 







Figure 30 : Boulder of very hard, reddish brown nodular bauxite at the summit of Mt. Ejuanema (Jordan 
et al., 2006)) 
 
Type of Ore 
Mineralogically, the bauxite here represents a mixed type of gibbsite and boehmite with the majority of 
gibbsite forming the aluminium minerals.  The Fe2O3 content occurs mainly in the form of haematite 
forming thick purple crust (Figure 30). Small amounts of kaolinite are found in the medium grade 
bauxite.  
The overburden of the bauxite-laterite complex is made up of red, brownish red, brown and greyish 
clayey soil with plant detritus and roots. 
 
1.7.3.3  Other Bauxite Deposits in the Project Area 
Two further small bauxite deposits occur in the Voltaian Basin overlying phyllite, schists and tuffs of the 
Lower Birimian Supergroup: on Mt. Nkwanta (Adasawase) and on Mt. Odumparara (Adokrom). The Mt. 
Nkwanta deposit is located three miles southeast of Bepong on the Mpraeso-Mankrong road. The 
bauxite is not massive but occurs as concretions of granular material. The extent and thickness of the 
deposit has been determined from bore pits and trenches covering approximately 23 acres. The bauxite 





1.7.4 Manganese (Mn) 
During fieldwork in 2012-2013 and 2016, we collected 157 samples, which were analysed for 
geochemistry. From the results of chemical analyses, 16 of the samples had elemental concentration of 
Mn ≥ 4000 ppm (which is four (4) times the abundance of manganese in the earth’s continental crust 
(Table 5)) as indicated below (Table 6) 
Table 5: Manganese abundances in various media 
 
Table 6: Samples of concentrations of Mn ≥ 4000ppm 
 
The two sandstone samples (G31RK1 and G142RK1) with the highest anomalous values of 27600 ppm 
and 64100 ppm respectively are located in the outcrop area of the epicratonic basin (Figure 31). 
Element Concentration(ppm) Medium Author(s)/year
950 Taylor (1964) & Mielke (1979)
1000 Reeves & Brooks (1978)
1620 ultramafic rocks Mielke (1979)
1500 basaltic rocks (mafic) Mielke (1979)
felsic rocks:
1200 granodiorite Levinson (1974)
400 granite Taylor (1964)









G135S1 soil, 30 cm deep 4030
G117RK1 BIF, with quartz veins 4050
G135RK1 rock chips from the surface 4280
G45RK1 limonite from conglomerate 4290
G130RK1 laterite 4440
G132RK1 rock chips from the surface 4440
G139RK1
Laterite, taken from a gravel bank in the 
river sediments, between two silt layers 4780
G12RK3 hard sandstone with iron "rings" 4890
G136RK1 rock chips from the surface 5190
G131RK1 Laterite 7150
G134RK1 rock chips from the surface 7540
G148RK1 laterite (on top of sandstone) 8100
G145RK1 laterite 17500
G141RK2 sandstone with Mn-dendrites 19700
G31RK1 black sandstone, upper Voltaian 27600












1.7.5 Lead (Pb) 
There are historical data on lead ore occurrences in the research area. The results of the geochemical 
sampling as well as the data presented in the report of MSSP show some prospective areas for the 
occurrence of Pb. 
During fieldwork, we collected 157 samples, which were analysed for geochemistry. Seventy-two of the 
samples had elemental concentration of Pb ≥ 13 ppm (the concentration of lead in the earth’s 
continental crust is 13 ppm (Table 7) as indicated below (Table 8) 
Table 7: Lead abundances in various media 
 
 
Element Concentration(ppm) Medium Author(s)/year
12,5 Earth's continental crust Taylor (1964)
14 Mielke (1979) , Reeves & Brooks (1978)
felsic rocks:
15 granodiorite Levinson (1974)
20 granite Taylor (1964)


















Table 8: Samples with elemental concentration of Pb≥ 13ppm 
 
The findings were able to confirm the Pb anomalous area in Nkwanta, in northern Volta Region, in the 
report of the MSSP of the Nkwanta area (van Rooyen, 2009).  Besides that we had some point anomalies 
of 148 ppm and 722 ppm in the sandstones of epicratonic basin in the west (Figure 32). 
 
Sample_Nos Rock_description Pb(ppm)
G29RK2 Fe crusts from sandstone 13,00
G110RK1 Fe rich chert 13,00
G123RK1 sandstone breccia with gosaan material 13,00
G127RK2 gossan material from inclusions in the quarztite 13,00
G42RK1 iron ore (BIF, tillite?) 14,00
G78RK02 Ferruginous formations in sandstone 14,00
G148RK7 sandstone 14,00
G150RK1 quartz-veinlets in quartzite and siliceous shale 14,00
G13RK1 black to dark brown sandstones, with some laterites 15,00
G82RK1 trachyte 15,00
G119RK2 shale with high Fe-content, reddish, heavy 15,00
G6RK1 thin lm/hm veinlets in quartzite 16,00









lava breccia, brownish reddish, strong silica, minor 
pyrite on fissures 17,00
G121RK1 gossans, yellow-brownish limonite 17,00






G146RK1 limestone with markasite 19,00
G148RK5 sandstone 19,00
G2RK01 Limonit, Quartzite from fault 20,00
G80RK1 trachyte 20,00
G144RK1 shale reddish, brownish 21,00
G144RK2 laterite (from quartzitic gravel) 21,00
G147RK1 laterite (on top of limestone) 21,00
G64RK1 silificated basaltic rock breccia 22,00
G68RK01 Volcanoclastic sandstone 23,00
G75RK01 metasedimentary rock 23,00
G88RK1 trachyte 23,00
G5RK2 Lm/hm Ores (Awasu iron ore?) 24,00
G69RK02 Breccia 24,00
G75RK02 metasedimentary rock 24,00




G146RK2 limestone with chalcopyrite 27,00
G148RK9 sandstone 27,00
G44RK2 silificated layer in mudstones 29,00
G70RK01 cataclastically deformed tuff (or tuffite) 29,00
G29RK3 Breccia filling in the sandstone 32,00
G11RK2 siltstones from the voltaian base, above the sandstones 36,00
G134S1 soil, 30 cm deep 38,00
G130RK1 laterite 43,00
G133S1 solid, 30 cm deep, weathered shale and sandstone 54,00
G139RK1
Laterite, taken from a gravel bank in the river 
sediments, between two silt layers 66,00
G142RK1 sandstone with black impregnation 66,00
G135S1 soil, 30 cm deep 68,00
G136S1 soil, 30 cm deep 68,00
G131RK1 Laterite 70,00
G45RK1 limonite from conglomerate 74,00
G132S1 soil, 30 cm deep 75,00
G145RK1 laterite 75,00
G134RK1 rock chips from the surface 86,00
G138RK1 rock chips from the surface 86,00
G137S1 soil, 30 cm deep 89,00
G135RK1 rock chips from the surface 90,00
G148RK1 laterite (on top of sandstone) 93,00
G132RK1 rock chips from the surface 103,00
G136RK1 rock chips from the surface 103,00
G141RK2 sandstone with Mn-dendrites 148,00















1.7.6 Copper (Cu) 
During fieldwork, we collected 157 samples, which were analysed for geochemistry. From the results of 
the chemical analyses, fifteen of the samples have elemental concentration of Cu ≥ 60 ppm (the 
concentration of copper in the earth’s continental crust is 60 ppm (Table 9)) as indicated below (Table 
10). 
Table 9: Copper abundances in various media 
 
Table 10: Samples with concentration of Cu ≥ 60 ppm 
 
Two samples (G143RK1 & G142RK1) in the epicratonic basin with very high anomalous values of 
concentration of Cu (257 ppm & 948 ppm respectively). The source of the enrichment of Cu in these 
sandstones could be the Proterozoic basement rocks. The copper was probably mobilised from the 
basement along fracture zones into the sedimentary rocks by hydrothermal processes (Figure 33).  
Element Concentration(ppm) Medium Author(s)/year
55 Earth's continental crust Taylor (1964)




10 ultramafic rocks Mielke (1979) & Levinson (1974)
felsic rocks:
30 granodiorite Levinson (1974)
10 granite Taylor (1964)
5 syenite Mielke (1979)
Sediments:
250 clays Mielke (1979)
45 shales Mielke (1979)
10 sandstone Levinson (1974)
15 limestone Levinson (1974)
20, 2-100 Soils: (average abundance) Levinson (1974)Copper
basaltic rocks (mafic)
Sample_Nos Longitude Latitude Rock_description Cu(ppm)
G137S1 0,2926 8,3618 soil, 30 cm deep 61,00
G74RK01 0,2768 7,1460 Breccia 76,00
G146RK2 -1,5487 8,7951 limestone with chalcopyrite 76,00
G102RK1 0,2766 7,1461 basalt 77,00
G73RK01 0,2886 7,1398 Breccia 84,00
G127RK2 0,5229 8,1824 gossan material from inclusions in the quarztite 89,00
G53RK1 0,5482 7,9427 gossan 95,00
G148RK1 -0,9723 8,0257 laterite (on top of sandstone) 102,00
G61RK1 0,2856 7,3271 gossan from village place 115,00
G121RK1 0,5491 7,9428 gossans, yellow-brownish limonite 142,00
Outcrop 6 RK2 0,4801 7,6926 Talc schist 143,00
Outcrop 6 RK1 0,4801 7,6926 Gossan 146,00
G125RK3 0,5501 7,9423 gossans West of the magnesite, with Cu minerals 224,00
G143RK1 -1,7540 9,0791 quartzitic sandstone with limonitic material from fault zones 257,00














1.7.7 Mineralisation related to ultramafic rocks  
1.7.7.1 Nickel (Ni) 
From 157 analysed bedrock samples, 39 of the samples had elemental concentration of Ni ≥ 75 ppm (the 
abundance of nickel in the earth’s continental crust and other media (Table 11) as indicated below 
(Table 12).  
Table 11: The abundance of Ni in various media 
 
 
Element Concentration(ppm) Medium Author(s)/year
75 Taylor (1964)
75 Reeves & Brooks (1978)
84 Mielke (1979)
2000 ultramafic rocks Mielke (1979)
130 basaltic rocks (mafic) Mielke (1979)
150 Taylor (1964)
felsic rocks:
4 syenite Mielke (1979)
0,5 granite Taylor (1964)













Table 12: Samples with concentrations of Ni ≥ 75 ppm 
 
Ten samples with anomalous high concentrations of Ni ≥ 809 ppm were all related to ultramafic rocks of 












Outcrop 7 RK1 Jasper 143
G125RK3 gossans West of the magnesite, with Cu minerals 151
G125RK1 magnesite from listvennite core zone 157
G119RK3 chert, grey, white 176
G58RK1 gossan and BIF 198
G61RK1 gossan from village place 223
G29RK2 Fe crusts from sandstone 268
G102RK1 basalt 311
G73RK01 Breccia 357
G118RK1 chert, with quartz veins 366
G74RK01 Breccia 374
G50RK3 quartz veins 383
G125RK2 gossans East of the magnesite 385
G124RK1 silicified shale 409
G122RK1 shale, light green, with limonite-quartz-bands 414
G48RK1 laterite and gossan 446
G121RK3 gossans, massive, with quartz 456
G53RK1 gossan 584
G121RK1 gossans, yellow-brownish limonite 599
Outcrop 8 RK1 Jasper (greyish black) 809
G121RK2 ore mineral, black, metallic bright 1310
Outcrop 6 RK2 Talc schist 1400
G50RK1 gossan 1470
G119RK1 serpentinite 1475
Outcrop 3 RK1 Ultramafics (Gabbroic?) 2060
Outcrop 1 RK1 Ultramafics 2130
G120RK1 serpentinite 2330
G54RK1 pyroxenite 3190













1.7.7.2 Chromium (Cr) 
Chromite is almost related to ultramafic rocks. Chromite spinel ((Fe,Mg)Cr2O4) is formed in the first 
stages of magma development. The chromite forms crystals in the early differention stage, in the liquid-
magmatic stage, when the magma starts to cool. In this stage, the chromite crystals agglomerate and 
sink by gravitation to the bottom of the magma chamber. That is why in nature the chromite is found as 
banded or layered or podiform bodies in the lower parts of peridotite or harzburgites bodies or in some 
cases of gabbro. 
In the research area, the occurrence of ultramafic rocks is related to N-S striking thrust faults in the 
Buem and Togo Structural Units. These formations are the most prospective ones for chromite and 
related elements, such as Cu, Co, PGE and Au.  
Chromium was analyzed in all samples. The chromium content ranged from 5 -20 000 ppm. However, 
the significantly higher content of 24 samples (> 1000 ppm) is restricted to the occurences of the 
ultramafic rocks in the eastern part of the Volta Basin (Table 13 and Figure 35). 
Table 13 : Samples having the composition of ≥ 1000 ppm of chromium 
 
Sample_Nos Longitude Latitude Rock_description Cr(ppm)
G121RK2 0,5491 7,9428 ore mineral, black, metallic bright 20000
G121RK1 0,5491 7,9428 gossans, yellow-brownish limonite 5540
G122RK1 0,5481 7,9424 shale, light green, with limonite-quartz-bands 4620
G50RK1 0,5327 8,3019 gossan 4200
G119RK1 0,4000 7,7877 serpentinite 4100
G124RK1 0,5493 7,9422 silicified shale 3810
Outcrop 6 RK2 0,4801 7,6926 Talc schist 3350
G53RK1 0,5482 7,9427 gossan 3320
G48RK1 0,5320 8,2995 laterite and gossan 2860
G120RK1 0,5485 7,9432 serpentinite 2540
Outcrop 3 RK1 0,4523 7,9489 Ultramafics (Gabbroic?) 2540
Outcrop 1 RK1 0,4076 7,9106 Ultramafics 2440
G121RK3 0,5491 7,9428 gossans, massive, with quartz 2270
G119RK3 0,4000 7,7877 chert, grey, white 2110
G115RK1 0,3540 7,8355 chert 1970
G58RK1 0,4430 7,6177 gossan and BIF 1950
G54RK1 0,5251 8,1746 pyroxenite 1925
Outcrop 8 RK1 0,4588 7,6368 Jasper (greyish black) 1830
G29RK2 -1,7382 7,9723 Fe crusts from sandstone 1765
G50RK2 0,5327 8,3019 Serpentinite 1555
G55RK1 0,3518 7,8333 gossan with qu-veins 1555
G50RK3 0,5327 8,3019 quartz veins 1425
G118RK1 0,3951 7,7885 chert, with quartz veins 1180













1.7.7.3 Platinum (Pt) and PGM  
In addition to the general geochemical investigations, ten samples from various lithologies were 
analysed for platinum. The concentrations of Pt in these samples are given in the table below (Table 15). 
Table 14: Abundances of Pt (ppm) in earth’s crust 
(https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust) 
Element Abundance in crust(ppm) Source 
Platinum 0,0037  "Abundance in Earth's 
Crust". WebElements.com. 
Archived from the original 
on 9 March 2007. Retrieved 
2007-04-14. 
0,005 "It's Elemental — The 
Periodic Table of Elements". 
Jefferson Lab. Archived from 
the original on 29 April 2007. 
Retrieved 2007-04-14. 
 
Table 15: Samples with Pt concentrations (ppm) 
 
Three samples were found to have concentration Pt > 0.0049 ppm (the average Platinum abundance in 
the crust (see Table 14). The location of this corresponds to the outcrops of the volcanic and ultramafic 
rocks of the Buem structural unit (Figure 36). 
Sample_Nos Rock_description Pt(ppm)
G121RK1 gossans, yellow-brownish limonite 0,0137
G121RK2 ore mineral, black, metallic bright 0,002
Outcrop 1 RK1 Ultramafics 0,0054
Outcrop 3 RK1 Ultramafics (Gabbroic?) 0,0049
Outcrop 4 RK1 Basaltic rock 0,0002
Outcrop 5 RK1 Quartzitic sandstone 0,0002
Outcrop 6 RK1 Gossan 0,0007
Outcrop 6 RK2 Talc schist 0,0288
Outcrop 7 RK1 Jasper 0,0007
Outcrop 7 RK2 Jasper 0,0005













1.7.7.4 Uranium (U) 
There is no uranium production in Ghana. The only recorded uranium in Ghana is within pegmatites in 
the Cape Coast Granite on the southern coast. 
Three deposit styles could be applied to our Research area (Jordan et al., 2009). 
• Sandstone hosted uranium 
• Palaeoplacers / Modern Placers deposits 
• Unconformity related uranium 
 
An International Uranium Resources Evaluations Project (IUREP) Report carried out in 1982 (Kesse, 
1985) concluded that there is the potential in the Volta River Basin for sandstone-hosted uranium 
deposits. The basins of the study area overlay the Precambrian basement which appears to have 
uranium sources, as indicated by the exploration successes in neighbouring countries (Fugro, 
2005/2008). 
Examples of sandstone hosted uranium have been found in some types of uranium deposits in Africa on 
the deposits of  Mounama, Mikouloungou, Boyindzi and Oklo in Gabon, Arlit, Azelik, Anouta and 
Imouraren in Niger, Tassilio in Algeria, Bakouma in the Central Africa Republic, Kariba Lake in Zambia 
and Karroo in South Africa  
http://www.iaea.org/inis/collection/NCLCollectionStore/_Public/12/599/12599259.pdf).   
 
Examples of this type of deposit in Europe are the Cretaceous basin in the northern Czech Republic 
(Hamer deposit), in the northern continuation of the Pirna deposit in Saxony (Germany). In both 
deposits, the enrichment of uranium in the sandstones took place on top of Cadomian granites 
(Tonndorf 2000).  
There are three (3) conditions to be for this mineralisation: 
i. Availability of granitic bodies in the basement rocks 
ii. Sandstones formation in the sediments 
iii. Faults cross-cutting the basements into the sediments 
There is a possibility of having this type of mineralisation in research area in the south of the Volta basin 
for the following reasons: 
i. From the map of the geological map of Ghana (Duodu et al., 2009), there is evidence of that the 
granite bodies extends beneath the sedimentary cover of the Volta basin in the south.  
ii. The interpretation of the airborne geophysical data, has come out with arcuate structures 
cutting the basement and  
iii. 1: 1, 000, 000 geological map (Duodu et al., 2009) has mapped out faults  
iv. Airborne radiometric data has shown uranium anomalies in the southern part that will be 
relevant for the delineation of surface deposits due to limited penetration of the sensors. 
v. From the geology, sandstones of the Anyaboni Formation and the Obosum Group are ideal for hosting 
the uranium. 
Conclusion: The source of the uranium may come from granitic rocks in the basement transmitted by 
the cross-cutting faults, which will act as conduits for the hydrothermal fluids. The silty cement of the 





complex attached to the clay minerals. Given certain geochemical conditions, Uranium minerals could 
be enriched in this way. 
 The results of the geochemical analyses yield two major rock groups with enrichment of Uranium. In the 
eastern part of the basin, the alkali volcanic rocks of BSU show an enrichment of U as well as the 
sandstones. The U-enrichment in the older sandstones of the epicratonic basin could be explained by 
geochemical leaching of the granites. The enrichment of uranium in the orogenic foreland basin may 
have a source in the Dahomeyide orogeny eastward of the Volta basin. Still the number of samples is too 
small to differentiate between the sandstone types (Figure 37). This differentiation will require further 
work. 
We collected 157 samples, which were analysed for Uranium. From the results of chemical analysis, 55 
of the samples had elemental concentration of U above 3 ppm (the concentration of uranium in the 
earth’s continental crust is 2.75 ppm (Table 16) as indicated below (Table 17) 
Table 16 :  Uranium abundances in various media 
 
 
Element Concentration(ppm) Medium Author(s)/year
2,7 Earth's continental crust Taylor (1964) & Mielke (1979)
0,001 ultramafic rocks Mielke (1979)
1 basaltic rocks (mafic) Mielke (1979)
felsic rocks:
3,0 granodiorite & syenite Levinson (1974) & Mielke (1979)
3,0; 4,8 granite Mielke (1979) ; Taylor (1964)
sediments:
1,3 clays Mielke (1979)
3,7 shales Mielke (1979)
2,2 limestones Mielke (1979)
0,45 sandstones Mielke (1979)
1,0 Soils: (average abundance) Levinson (1974)Uranium
66 








Figure 37: Location of samples with U concentrations (ppm) 
The distribution of Uranium in the sediments near the surface has been mapped by airborne survey 
(Figure 38). There is a clear difference between the epicratonic sandstone sequences outcropping at the 





differences too. The northern part with sandy sediments shows a similar enrichment like the basal 
sandstones. Separated by the Pru fault, the clay-rich sediments in the southern part yield very low 
values of Uranium content. 
 
Figure 38: Airborne Radiometric map for Uranium map overlaid with granitic bodies of the Pre-Cambrian 
basement rocks (Duodu et al., 2009; Airborne geophysical surveys carried out by the following 
contractors: Fugro (2005, 2008), High Sense (HS) in 1999-2000, Geological Survey of Finland (GTK) in 







1.7.8 Gold (Au) 
Gold is the major commodity mined and explored for in Ghana. The principal resources of gold are 
related to Birimian and Tarkwaian greenstone belts and paleoplacers as well as to young sediments 
(alluvial placers of recent river channels). However, the gold bearing basement structures continue 
below the sedimentary cover of the Volta basin for considerable distances as indicated by airborne 
geophysics (Fugro, 2005/2008).  
Historically, in the Neoproterozoic and Lower Palaeozoic of Ghana until now gold occurrences are not 
known; except of a few indications (Figure 39): 
• …… Oboase hydrothermal vein (Jordan et al., 2009)  
• …… Ejuanema placer (Junner, 1935)  
• …… Small amounts of gold (placer) were located in the conglomerates and volcanic rocks of the 
Buem series as well as in the Voltaian and Akwapimium (Togo) conglomerates (Jordan et al., 
2009). 
 
Figure 39: Gold 
indications in the 
Research Area 
(modified after Jordan 


















For a long time the question of remobilization of Au from the Birimian basement to the younger 
platform cover during later tectonic – magmatic events was discussed. In the research area, the 
Panafrican orogeny would be the key events able to provide the required sources of heat and fluids to 
move Au to the younger rocks overlying the old basement. The respective processes would be 




































Consequently, we have searched in metamorphosed and hydrothermally altered rocks of the Voltaian, 
Buem and Togo for indications of this type of Au – mineralisation (Figure 40 and Table 18). All samples 
have been analysed for Au, including black sands, quartzites, quartz veins, mafic and ultramafic rocks, 
gossan rocks and otherwise promising formations. The highest Au grades have been found in quartz 
veins in the Togo (34 ppb, sample G150 RK1), and altered ultramafic rocks, quartzites and various gossan 
material (1 – 11 ppb). All the high Au grades are located in eastern metamorphosed and folded rim of 
the Volta basin.  
Table 18: Samples with Au grades >= 1 ppb  
 
 
Based on our research the following conclusions can be drawn: 
• There are indications that Au has been remobilised from the old basement to the younger 
overlying sediments during later events. Increased Au grades have been found in limonitic 
material from Buem quartzites (Nkurakan) (sample G2RK04), quartz veinlets in the Togo   
• In our investigation, however, we observed slightly increased values of Au in various hydrothermal 













Sample_Nos Longitude Latitude Rock_description Au(ppb)
G150RK1 -0,0760 6,0130 quartz-veinlets in quartzite and siliceous shale 34,4
Outcrop 6 RK2 0,4801 7,6926 Talc schist 11
Outcrop 4 RK1 0,3991 7,6943 Basaltic rock 11
Outcrop 5 RK1 0,4833 7,6948 Quartzitic sandstone 6,3
G127RK2 0,5229 8,1824 gossan material from inclusions in the quarztite 6
G87RK2 0,3128 7,1190 phonolite 2,9
G2RK04 -0,2026 6,1355 limonite/hematite nest in quartzite 2,8
Outcrop 7 RK2 0,4532 7,6903 Jasper 1,6
G82RK1 0,3175 7,1306 trachyte 1,4
G5RK2 -0,0755 6,1990 Limonite/hematite Ores (Awasu iron ore?) 1,3
G50RK1 0,5327 8,3019 gossan 1,3
G73RK01 0,2886 7,1398 Breccia 1,3
G78RK02 -0,2027 6,3156 Ferruginous formations in sandstone 1,2
G29RK3 -1,7382 7,9723 Breccia filling in the sandstone 1,1





1.7.9 Tantalum (Ta) 
 Anomalous high Tantalum content was only detected in two samples of (alkali) trachytic volcanic rocks 
(sample G69RK02: Ta=75 ppm (Figure 41). Up to now, the source of this enrichment is not clear. 
 
 












1.7.10 Zirconium (Zr) 
157 samples were analysed for Zirconium. From the results of the chemical analysis, 34 of the samples 
had elemental concentration of Zr ≥ 460 ppm (which is twice the abundance of zirconium in the earth’s 
crust (Table 19)) as indicated below (Table 20). 
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Schneiderhöhn, H., 1934, Die ausnutzungsmöglichkeiten 
der deutschen Erzlagerstatten: Metallwirtschaft 13, p. 
151-157 (For 16 km-crust.)
230
Berg, G., 1929, Vorkommen und Geochemie der 
Mineralischen Rohstoffe, p. 11, Leipzig
260
Clarke, F. W., and Washington, H.S., 1924, The 
composition of the earth's crust: U.S. Geol. Survey Prof. 





Table 20: Samples with concentration of Zr ≥ 460 ppm 
 
The eighteen (18) samples, which had very high anomalous values of Zr ≥ 2670 ppm, were related to 
rocks in the thrust sheets and the epicratonic basin (Figure 42). 
Sample_Nos Rock_description Zr(ppm)
G2RK01 Limonite, Quartzite from fault 520
G78RK02 Ferruginous formations in sandstone 957
G92RK1 metasomatic altered volcanic lava breccia 1250
G76RK01 metabasalt? 1260
G71RK01 metasedimentary rock 1280
G86RK1 trachyandesite 1330
G86RK2 trachyandesite 1350
G91RK1 metasomatic altered volcanic rock, with epidote 1400
G93RK1 volcanic lava breccia with high silica alteration 1500
G95RK1 fine grained volcanic rock, highly altered, with quartz 1530
G96RK1 fine grained volcanic rock, highly altered, with quartz 1530
G94RK1 fine grained volcanic rock, highly altered, with quartz 1590
G90RK1 metasomatic altered volcanic rock, many small rounded aggre 1650




G67RK01 Volcanoclastic sandstone 2680
G68RK01 Volcanoclastic sandstone 2690
G70RK01 cataclastically deformed tuff (or tuffite) 2690
G87RK3










G75RK02 metasedimentary rock 3040
G80RK1 trachyte 3040
G84RK1 trachyte 3040













1.7.11 Heavy minerals in sands of Paleochannels  
1.7.11.1 Introduction 
Palaeochannels host modern and ancient placer deposits which form some of the most significant 
mineral deposits in Africa, in particular for gold. Two of the largest gold systems in their respective 
cratons are the Meso-Archean Witwatersrand system in South Africa and the Palaeoproterozoic Tarkwa 
deposit in Ghana (Frimmel, 1997 and references therein; Pigois et al., 2003, Milesi et al., 1991). More 
generally, placer deposits provide economically significant resources of gold, uranium, diamonds 
(Garnett & Bassettm, 2005) and heavy minerals (Teeuw, 2002; Els & Eriksson, 2006; Carling & 
Breakspear, 2006), host significant secondary uranium resources (Dahlkamp, 1993), and often make 
excellent aquifers. Placers may form in a wide range of depositional environments. We will focus on the 
Volta Basin, which is in within our research area. The quiet signature of flat-lying sediments of the Volta 
Basin in central Ghana provide an ideal backdrop for mapping subtle geophysical features and provide 
geophysical evidence for a major palaeochannel system which cuts the sediments of the Volta Basin. The 
economic potential of this yet unexplored system remains to be proven (Figure 43) 
 







1.7.11.2  Geology of the paleo-channel  
 
The hosting Obosum group 
The sediments in the study area belong to the Obosum Group (Affaton et al., 1980), which following the 
terminology of Carney et al., 2010 is partly equivalent to the ‘Obosum Beds’ of Junner & Hirst (1946). It 
contains Ediacaran fauna, placing it as late Neoproterozoic or early Cambrian. It consists mainly of 
reddish, coarse-grained to conglomeratic, polymictic sandstones, with intercalations of red shales, 
siltstones and calcareous horizons. Massive quartzitic sandstones represent the top of the group (Grant, 
1969; Bozhko, 1969; Affaton et al., 1980). It is interpreted to represent terrestrial molasses related to 
late-stage Dahomeyide orogenic activity (Black, 1967; Bertrand-Sarfati et al., 1991; Kalsbeek et al., 
2008). A range of sedimentary structures are preserved including ripple-drift cross-lamination, flaser 
bedding, ‘hummocky’ cross-stratification and, in the more argillaceous sandstone layers, mud-cracked 
top-surfaces, flute casts, load structures, rippled tops and mud flakes (Carney et al., 2010).  
The Obosum Group sandstones are arkosic or feldspathic greywackes for those with a higher matrix 
content (Viljoen et al., 2009). They are generally poorly to well sorted and very fine to medium grained. 
Lithic fragments contribute to the high matrix content of some of the sandstones. Quartz grains are 
generally angular to sub-rounded with a few very well rounded grains.  
Several previous studies of the Volta basin have noted the presence of fluviatile sediments, (Affaton, 
1990; Viljoen et al., 2009; Carney et al., 2010), however they have not mapped out specific 
paleochannels in their works, so although their studies are consistent with the possibility of a large 
paleochannel within the Obosum Group, they do not provide specific evidence for it. 
Based on sedimentological data of the limited outcrop localities, sediment transport was mainly from 
the east and northeast according to Viljoen et al., (2009), and from the north for the Tamale Sandstone 
Formation and northeast for the underlying Dunkro and Densubon formations according to Carney et al. 
(2010). 
Paleochannels were detected by interpretation of geomagnetic data (Figure 44). Figure 45 shows 






Figure 44: High-pass filtered Second Vertical Derivative of the Negative of the Total Magnetic Intensity 











Figure 45: Orientation of palaeochannel relative to modern drainage pattern (left shaded DTM, right 
topographic map) 
Airborne Radiometrics applied for detection of paleo channels 
Variations in the radiometric data for the study area within the Volta basin are dominated by the 
modern drainage system, with potassium-poor signals suggesting widespread lateritic surface materials 
(Figure 46). The major rivers and tributaries of the Volta which flow into the Lake Volta are characterised 
by a distinct radio-element rich signal reflecting enrichment relative to the local land surface. To the 
north of the Lake Volta, where the potassium depletion in the radiometric data suggests a more or less 
continuous regolith cover, the radiometric signal does not correlate with the paleochannel as mapped 
from the magnetic data. However to the south of the lake, the channel shows up as a darker (and hence 
radio-element poor) band within a relatively K and Th rich region. The Volta River may mark the location 
of a fault that separates the two zones, with a throw to the north-east, so that the Paleochannel is 
slightly buried to the north; it may simply be a change in the nature of the regolith, or the palaeochannel 
to the north may be covered by more recent sediments of the N-S tributary of the Volta River. The map 
of interpreted basement below the Volta Basin does in fact shows a  suitably-oriented and positioned 
fault along strike of the main axis of the Volta Lake (Fugro, 2005/2008), although they interpret the fault 















1.7.11.3 Airborne Electromagnetics 
Airborne Electromagnetic data (AEM) data also shows a distinct signal associated with a paleo-drainage 
system that at some point was prevalent in the region. FUGRO Geoscience using EMFlow (Macnae et al., 
1998) as part of their survey contract carried out conductivity Depth transforms. The AEM flight paths 
across the basin spaced NW-SE and NE-SW on a 20 km grid. The plain view of the results did not show 
special anomalies; however, in a 3D representation (reprocessed for this study, but essentially producing 
the same results) we can see that the conductivity is systematically lower wherever the inferred 
palaeochannel fill crosses the ten survey lines that cover the area (Figure 47). In the extreme south-west 
of the area, two high-resolution AEM surveys were undertaken, and again these data show a strong 
correlation between lower conductivity regions and the path of the inferred palaeochannel (Figure 48). 
 
Figure 47 : Airborne EM Conductivity Depth Inversions in the region of the palaeochannel, showing 






Figure 48 : GEOTEM Bz Channel overlain over magnetic image (red = high resistivity, blue=low resistivity) 
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1.7.11.4  Conclusions 
The interpretation of the airborne geophysical data of the Mining Sector Support Programme provide 
strong evidence for a major Niger River-scale palaeodrainage system hosted by the Obosum Group 
sediments of the Volta Basin, principally within the Northern Region of Ghana. The integration of 
magnetic, radiometric and EM data sets define a 230 km long, 2 km wide main channel, with 20 km 
wavelength and 10 km amplitude meanders. Although a pilot field study was not able to locate outcrop 
in this flat, regolith-dominated landscape, however, we would like to recommend exploratory drilling 
over the magnetic highs themselves should allow us to drill the source of the magnetic placer minerals 
and may lead to economically interesting quantities of gold or diamonds. 
Non-metallic minerals 
1.8.1 Introduction  
The non-metals found in the research area are baryte, limestone, and diamonds (Figure 49). 
 





1.8.2 Limestone (CaCO3) 
In Ghana, most limestone deposits occur within rock formations ranging in age from Precambrian to 
Palaeogene. Limestones are not very well developed and only a small number are considered to be 
economically important, but these show good potential for development. Kesse (1985) identifies around 
65 limestone localities, 60 of which occur in the Volta Basin, and one in the Keta Basin. Only four 
deposits in Ghana are considered to be of economic significance: Nauli, Buipe, Oterkpolu and Bongo Da. 
The latter three occur within the Volta Basin. (Figure 50 & Table 21 ) 





Name Commodity Bed thickness Reserves Reference 
Bongo-Da Limestone 
Dolomite 

















Max 47m 13 m/t 
59 m/t 
Barning 1997 
Fo River Limestone 
Dolomite 
9m 1.5 m/t Barning 1997 
Daboya Limestone 
Dolomite 

















1.8.2.1 Bongo-Da Limestone Deposit 
The Bongo-Da Limestone deposit is the most northerly limestone deposit in Ghana and the Voltaian 
Basin. The deposits occur 10 km northeast of Bongo-Da village, in the valley of the Tintaraga stream 
between the villages of Gambieni and Banmpala, in Northern Ghana.  
The limestone/dolomite beds of the Bongo-Da Limestone could be correlated with Buipe Limestone 
Member, which forms the base of the Kodjari Formation and are in turn overlain by siliceous tuffs 
(Darebe Tuff Member). The Bongo-Da limestone beds, which are strongly jointed, have a maximum 
thickness of 6 m. They overlie a finely crystalline dolomite varying in thickness between 2-8 m. Chemical 
analyses of the dolomites allowed dividing the rocks in two groups; slightly dolomitised and highly 
dolomitised carbonate rocks. Total reserve estimates for good quality, low magnesium oxide limestone 
range from 15 million tonnes (Kesse, 1974) to 6.6 million tonnes (Barning, 1997) associated with 
estimates of 20 to 30 million tonnes of dolomite. Chemical analyses on the limestones determine that 
the deposit is suitable for the manufacture of both quicklime and Portland cement (Kesse, 1974; Kesse, 
1985). 
1.8.2.2  Buipe Limestone Deposit  
This deposit, located west of the Kumasi-Kintampo-Tamale road at Buipe, is the largest occurrence of 
magnesian limestone in Northern Ghana covering an area of 250km2 (50km by 5km) (Jordan et al., 
2006). The Buipe deposit contains two grades of limestone (Barning, 2005):  
The Buipe deposit contains two grades of limestone: 
i. Interstratified flaggy limestone and calcareous limestone; 
ii. Dolomitic limestone and dolomite (Barning, 2005) 
 
The Buipe deposit is readily accessible along a grass track from the Kumasi-Kintampo-Tamale road. It 
occurs within the Buipe Limestone Member, which overlies sandstones and green tillite (Nédélec et al., 
2007) and is in turn overlain by siliceous strata of the Darebe Tuff Member. The deposit dips gently to 
the east at less than 5° and strikes north-south over a distance of 50 km. The limestone unit varies in 
thickness from 0.6 m to 4.0 m. The underlying dolomite is thicker but also variable (2 m – 10 m). The 
deposit is exposed in larger streambeds but masked by sands, gravels and laterites (Jordan et al., 2006). 
Neoproterozoic glacial and post-glacial sediments from the Volta Basin form a stratigraphic “Triad” of 
tillites, carbonates and cherts. The carbonates that cap the tillites were studied in detail in Buipe 
(Ghana), in the western part of the basin. They are made of finely laminated dolostones with well-
preserved sedimentary features, suggesting that dolomite formation was penecontemporaneous of 
deposition in a warm, arid peritidal environment, with microbial activity (Nédélec et al., 2007). Cap 
carbonates are ubiquitous deposits that formed just after the unusually severe Neoproterozoic ice ages, 






Figure 51 : Stratigraphy of the Proterozoic in the Buipe area (modified after Nédélec et al., 2007) 
 
1.8.2.3 Field Observation  
 The Buipe limestones deposit was sampled on two field visits (October 2011 (Figure 52) and April 2013 
(Figure 53)). On the first visit, two samples (G38RK1 and G38RK2) were collected, which show a high 
concentration of barium.  
On the second field visit the samples (G146RK1, G146RK2 and G146RK3) were taken.  
The Buipe limestones and shales have been the focus of geological investigation for decades. They form 
a layer of comparable small thickness (3-5 m) overlying tillitic rocks.  
In stromatolithic structures, intersections of faults and bedding planes of pyrite and chalcopyrite, as well 
as bornite have been found as grains, layers and nodular shaped aggregates with a size of several 
centimetres. These indications of metallic mineralisation are very interesting as they indicate 






Figure 52: Limestone sampling in 2011, Buipe   
 






1.8.2.4 Oterkpolu Limestone Deposit 
 The deposit is located 6.5 km east of Oterkpolu village, geologically within the Pan-African deformation 
belt (Jordan et al., 2006) 
At Oterkpolu Quarry (Figure 54) the limestone occurs within arenaceous rocks of the Buem Formation, 
which are in thrust contact with the Voltaian Supergroup farther to the west. There are two limestone 
occurrences, each occupying a separate fold culmination, one of which is silicified. The limestones are (? 
tectonically) overlain by silicified, iron rich sandstone and underlain by a white to pink coarse-grained 
sandstone with local purplish grey transition zones. The limestone is blue to grey, laminated and occurs 
interbedded with maroon siltstones. Some of the limestone beds are silicified and appear as a darker 
grey. Thin phyllitic partings occur. The rocks dip from 20° to 50° to the east and are affected by reclined 
folds (Jordan et al., 2006). 
Lithologically the limestone varies both laterally and vertically, is extensively deformed, and may be 
repeated by folding and thrusting. In the south, the thickness is reported to be as much as 47 m, 
thinning considerably in the centre and thickening again up to 40 m in the north of the prospect. The 
limestone is thinly interbedded with calcareous mudstone and siltstone, which is predominantly 
silicified. Barite flowers occur on fracture surfaces on the medium, grey limestone, in association with 
late pink calcite veins (Jordan et al., 2006). 
 






1.8.2.5  Fo River Limestone Deposit 
  This smaller limestone/dolomite deposit is located in the valley of the Fo River, a   tributary of the Volta 
River in the Eastern Region of Ghana. Five limestone beds occur in the area, the largest of which is 9 m 
thick and extends for 60 m to 120 m from the junction of the River Fo and its tributary, the Ankantien. 
The bed which may form part of the Bimbila Formation (Pendjari Group) dips at a moderate angle to the 
southeast and is strongly faulted and fractured. A preliminary estimate of 1.5 million tonnes of low 
magnesian limestone was calculated to a depth of 15 m. The deposit is not easily accessible (Jordan et 
al., 2006). 
1.8.2.6   Daboya Limestone Deposit 
The Daboya limestone deposit forms part of the outcrop of the Buipe Limestone Member. It occurs 
about 5 km north-west of Daboya, on the west side of the White Volta River (Jordan et al., 2006). The 
Daboya deposit contains both dolomitic and low-magnesian limestone. The good quality low-
magnesium limestone is around 0.6 m thick and is partly covered by a 2 m thick mudstone. Total 
reserves are estimated at 162,000 tonnes and it is suitable for small-scale production of lime. The 
dolomite occurs in a narrow outcrop over a distance of about 6 km and yield estimated reserves 500 000 
tonnes. Limestone horizons, similar to that described by Mitchell (1960), were encountered at three 
further localities along the western riverbank of the White Volta between Daboya Village boat slipway 
and 1 km upstream. Here, the sandy limestone is pale grey in colour and laminated, containing quartz 
grains, with a pebble lag at its base. The lag, infilling the erosion channel, consists of clasts of basement 
rocks, predominantly consisting of sub-rounded vein quartz. Minor barite, chert and calcite occur as vein 
infill and as masses, up to 40 cm in size replacing the limestone (Jordan et al., 2006). Below the 
limestone, a yellow calcareous dolomitic limestone occurs (Figure 55). 
 






1.8.2.7   Other limestone deposits in research area 
Recently limestone occurrences for local use are at Anyaboni (Eastern Region), Sadan, Abetifi area 
(Eastern Region), Kpandu area (Volta Region), Longoro- Kintampo area (Brong Ahafo Region), Prang 
(Brong Ahafo Region), Salaga-Yeji area (Northern Region), Aframte, south-west of Ejura – Ashanti 
Region, and Du-Walewale (Upper East Region). These occurrences are shown in Figure 50. 
1.8.3 Magnesite (MgCO3) 
Magnesite occurs as veins and an alteration product of ultramafic rocks, serpentinites and other 
magnesium rich rock types in both contact and regional metamorphic terrains. These magnesites often 
are cryptocrystalline and contain silica in the form of opal or chert 
(https://en.wikipedia.org/wiki/Magnesite). 
Occurrences of magnesite in typical structures like “cauliflower” are associated to bodies of serpentinite 
or ultramafic rocks in the east of the research area (Figure 56). Here the formation of primary magnesite 
is related to the tropical weathering of ultramafic rocks. Another possibility, yet unknown in the area, is 
the enrichment of magnesite in secondary deposits by erosion and redeposition of primary magnesite. 
In this case, the secondary deposition of magnesite could form thick layers in small basins of hilly areas.  
The occurrence of magnesite is limited to the Buem Structural Unit because the Buem is the only unit in 
our research area, where we can mostly find ultramafic rocks. Magnesite  is yet to be found in the 
western part of the Volta basin (Figure 57) and (Table 22). 





Table 22: Samples with concentrations of Mg≥ 10% 
 
 
Figure 57: Location of samples with concentration of Mg (%) 
Sample_Nos Rock_description Mg(%)
G125RK1 magnesite from listvennite core zone 25,5
G54RK1 pyroxenite 23,3
G120RK1 serpentinite 22,8
Outcrop 3 RK1 Ultramafics (Gabbroic?) 22,7
G55RK1 gossan with qu-veins 22,6
Outcrop 1 RK1 Ultramafics 22,6
G119RK1 serpentinite 15,15





1.8.4 Barite (BaSO4) 
Barite (BaSO4) is a mineral which typically shows tabular orthorhombic crystals. It is a common 
veinstone associated with hydrothermal lead ores and also occurs as nodules or cores in limestone and 
clays. Barite is a heavy, inert and stable mineral.  
Barite is a common mineral of vein and fissure fillings in sedimentary, metamorphic, and igneous rocks, 
typically occurring as gangue in base and precious metal deposits, an epigenetic replacement of 
dolomite, and a bedded sedimentary deposit (Kesse, 1985). Bedded barite is commonly over-looked in 
the field owing to its similarity to dark-coloured limestone and dolomite. It may also act as cementing 
material in sandstones.  
Differential weathering of barite-bearing rocks could form secondary high-grade deposits of barite. 
Barite and witherite (BaCO3) are produced from large evaporite basins and lakes and hydrothermal vein 
fillings associated with stratiform massive sulphide and residual deposits. Because barite is associated 
with other mineral deposits, it can be recovered as a by-product of mining iron, base metals, fluorite, 
and rare earth elements. Mine dumps and tailings ponds could produce significant amounts of barite. 
Barite and witherite are the main sources of barium for industrial use (Barning, 2005). 
During fieldwork, we collected 157 samples, which were analysed. From the results of the chemical 
analysis, 31 of the samples had elemental concentration of Ba ≥ 500 ppm (the abundance of barium in 
the earth’s continental crust (Table 23)) as indicated in below (Table 24) 
Table 23: Barium abundances in respective media 
 
 
Element Concentration(ppm) Medium Author(s)/year
425 Earth's continental crust Taylor (1964), & Mielke( 1979)
600 Reeves & Brooks (1978)
640 Hawkes & Webb (1962)
0,013 Ocean waters
felsic rocks:
1600 syenite Mielke (1979)
600 granite Taylor (1964)
500 granodiorite Levinson (1974)
250-330 basaltic rocks (mafic) Taylor (1964) & Mielke (1979)
0,4 - 2 ultramafic rocks Mielke (1979) & Levinson (1974)
sediments:
2300 clays Mielke (1979)
580 - 700 shales Mielke (1979) & Levinson (1974)
100 -500 sandstones
100 limestones






Table 24: Samples with concentrations of Ba ≥ 500ppm 
 
The three samples (G31RK1, G38RK1 & G142RK1) with highly anomalous values of 6290 ppm and above 








G45RK1 limonite from conglomerate 500
G137S1 soil, 30 cm deep 500
G91RK1 metasomatic altered volcanic rock, with epidote 510
G47RK1 mudstone with some small faults (cracks) 520
G132RK1 rock chips from the surface 520





G65RK1 silificated conglomarate breccia, Voltaian base 550
G86RK2 trachyandesite 650
G71RK01 metasedimentary rock 670
G16RK1 sandstones with Fe crusts, steep slope 690
G86RK1 trachyandesite 690




Laterite, taken from a gravel bank in the river 
sediments, between two silt layers 870
G143RK1
quartzitic sandstone with limonitic material from 
fault zones 1100
G42RK1 iron ore (BIF, tillite?) 1310
G131RK1 Laterite 1460
G134RK1 rock chips from the surface 2190
G148RK1 laterite (on top of sandstone) 2420
G38RK2 dark crusts in the limestones 2680
G141RK2 sandstone with Mn-dendrites 3240
G145RK1 laterite 3890
G146RK2 limestone with chalcopyrite 4900
G31RK1 black sandstone, upper Voltaian 6290
G38RK1 Limestone, layered 6290






Figure 58: Locations of samples with concentrations of Ba (ppm). The rocks enriched in Ba occurred in the 







1.8.4.1 Geology of barite occurrences 
The stratigraphic position of barite which has been established as part of the Middle Voltaian (Oti 
Pendjari Group) is as follows with the youngest member on top (Kesse, 1985) (Table 25). 
 
Figure 59: Barite Occurrences in Ghana (modified after Barning, 2005) 
 
Table 25: Geological section of barite occurrence, Daboya, Northern Region of Ghana (Kesse, 1985) 
Red stones and compact beds of Daboya camp, with conglomerates 




Grey-green shales, with thin beds of calcareous sandstones, purple 
clays and brown siliceous beds 
0-10 m 
Sandy, dolomitic limestones and laminated barites 1-2 m 
Carbonaceous agglomerates of Daboya village with subangular 
pebbles, especially of sedimentary origin 
4-5 m 
indurated and brecciated surface 








1.8.5.1  Diamond Deposits of Ghana 
Alluvial diamonds have been known in Ghana since 1919. But up to now the unknown source rock was 
eroded and the weathering-resistant diamonds were transported and concentrated in alluvial placer 
deposits within the fluvial systems and other surficial geological deposits (Chirico et al., 2010). Junner 
(1943) documents the history of diamond discoveries in Ghana until the mid-1950s. Kesse (1985) 
provides an excellent account of diamond discoveries, exploitation and production in Ghana and gives a 
description of the two principal diamond fields: the Birim field in the Eastern Region and the Bonsa field 
in the Western Region, both outside the Voltaian and Keta Basins. The Birim diamond field, located in 
the Birim River Valley in the Eastern Region, overlies Birimian rocks. The Bonsa diamond field, located in 
the valley flats of the 
Bonsa River and its 
tributary in the 
Western Region of 
Ghana, overlies the 
Tarkwaian Kawere 
conglomerates 
(Tarkwaian) (Figure 60). 
The diamonds occur in 
gravels in the beds and 
flats of the Birim and 
Bonsa Rivers and their 
tributaries. A number 
of isolated diamonds 
have been discovered 
elsewhere throughout 
Ghana including in the 
Western Province 
(parts of the present 




Figure 60: Diamond 
deposits/occurrences of 







1.8.5.2 Sources of diamonds in West Africa 
The primary source of diamonds in Ghana was object of long-lasting discussions, and has yet not 
conclusively been identified (Jordan et al., 2006). Until recently, no kimberlites or traces of kimberlitic 
minerals were located in Birimian metasediments or the Tarkwaian rocks, which underlie the diamond 
fields of Ghana. This implies that, the diamonds are not of local origin but were transported for 
considerable distances in sheets of old river systems. In 1984, Tompkins and Haggerty inferred that the 
diamonds found in Ghana are of Precambrian age and several explanations have been proposed to 
explain their occurrence. They postulated that the diamonds are not locally derived but are transported 
from the north over considerable distances in old river gravels, and that the kimberlites from which they 
may be derived may have been destroyed during the Eburnean Orogeny, or may be hidden under 
Voltaian strata. 
Hastings, 1983, attributed the emplacement of kimberlites in West Africa to oceanic rifting. Geophysical 
data available at the time, although not bearing directly on the origin of diamond deposits in Ghana, 
supports the hypothesis of Eburnean rifting. The kimberlites of the Cote d’Ivoire yielded radiometric 
dates of about 1430 Ma and occur on the flanks of postulated Eburnean rifts. Kimberlites in Mali yielded 
younger ages of about 1070 Ma (this in fact suggests a Kibaran event). 
During the Eburnean, new thick continental crust is thought to have been produced and subsequent 
extension of this new craton may have resulted in diatreme activity. This is considered to be the source 
of diamond bearing kimberlites in Cote d’Ivoire and Mali. The emplacement of kimberlitic diatremes 
may also have occurred in Ghana, the erosion of which may be a source of alluvial diamonds within the 
Neoproterozoic sedimentary units of the Voltaian Basin. 
In Sierra Leone and Guinea, kimberlites, based on age and geographic location, are more likely 
associated with the Mesozoic opening of the Atlantic, yielding dates broadly in the range of 80- 140 Ma. 
These hypotheses could conceivably be applied to prospecting for diamonds in Ghana. For example, in 
northern Ghana, near the Burkina Faso border, a Mesozoic kimberlite has been reported, (Wright et al., 
1985) and it is inferred to lie along the north-eastern extension of the same oceanic fracture zone on 
which the kimberlitic intrusions in Sierra Leone and northern Cote d'Ivoire are located. Other Atlantic 
fracture zones, such as the St. Paul fracture, which intersects the coast near Abidjan, could extend into 
Ghana (Jordan et al., 2006). 
However, recent research by Canales and Norman (2003) revealed that diamonds from the Akwatia 
diamond field, north of the Birim diamond field, are different from other diamonds found in Ghana as 
they show no evidence of transport, lack kimberlitic indicator minerals and are associated with 
metamorphosed ultramafic rocks with a composition resembling komatiite or boninite. The ultramafic 
rocks are associated with arc sediments contained within or intruded into Birimian metasedimentary 
rocks including turbidites, phyllites and greywackes. The diamondiferous rocks are actinolite/tremolite 
schists and actinolite rocks with little or no schistocity and distinctive clastic texture, containing clasts of 
phyllite and carbon. The clastic units are elongate and contained within the actinolite schist. Major and 
trace element analysis of these rocks suggest a suite of rocks similar to the diamond-bearing 
volcaniclastic komatites of French Guiana and/or the metamorphosed suit of komatiite/ boninite type 
rocks of the Wawa (Superior Province) greenstone belts (Canales and Norman, 2003). Furthermore, 
diamondiferous dykes at Mitzic, Gabon, and Bobi, Cote d’Ivoire, termed “metakimberlites”, are highly 





The diamond deposits in the Akwatia field represent some of the oldest diamond deposits. There is little 
doubt that Akwatia is a residual deposit. In April 2006, Paramount Mining reported the recovery of 
diamonds from a hard rock source from a site within the Osenase project; south of the Akwatia diamond 
field (Paramount Mining, 2006). The diamonds are reported to occur within strongly lateralised 
ultramafic rocks. Initial field observations, in particular the visual appearance and mode of emplacement 
of the rocks, show a strong resemblance to meta-kimberlite, however, more detailed investigations are 
required (Jordan et al., 2006). 
1.8.5.3 Diamond occurrences within or overlying the Voltaian 
Supergroup 
A number of isolated diamond occurrences are known in areas underlain by Voltaian strata and the 
Buem Formation (see Figure 60). However, no systematic exploration for diamonds has been conducted 
in these areas (Jordan et al., 2006). 
In 1919, the Geological Survey of Ghana found two small diamonds in the gravels of the Aboabo Su, 
northeast of Obusuman, near the confluence of the Volta and Obosum rivers (Mangoase). This area is 
now inundated by the Lake Volta. These streams were draining an area where basal units including 
conglomerates of the Volta Basin were exposed. The inference was that the diamonds probably came 
from the Voltaian conglomerates. In the 1923-24 Annual Report of the Geological Survey, an isolated 
diamond was reported from a stream between Wenchi and Kintampo in an area also underlain by basal 
clastic units of the Volta Basin. 
In 1936, during large scale tests carried out by CAST (Consolidated African Selection Trust Limited), 
diamonds of larger than the average size were found in gravels of the Obosumanu River and in the 
Afram River near Mankrong (Nketepa). The streams drain large outcrops of coarse conglomerate at the 
base of the Voltaian system. In the north of the Voltaian Basin, near Gambaga, two large diamonds, one 
10.5 carats and the other 7.5 carats, were found in 1936 in the gravels of the White Volta. Voltaian 
sandstones that, in places, contain quartz pebbles are the dominant lithology in the area, and Birimian 
metamorphic and granitic rocks and Pleistocene terrace gravels are found upstream. 
Isolated diamonds have been found in the Yoko Su River between Wenchi and Kintampo (Amoama and 
Agyima), where the gravels consist mainly of well-rounded quartz pebbles derived from pebbly beds 
near the base of the Voltaian. Further isolated discoveries were made at Basare, Txosor and Tsyame Sa, 
all of which have been immersed by Lake Volta. 
In 1994, diamonds were discovered to the east of the Volta Basin, in the Worawora and Jasikan areas, by 
the activities of registered and illegal small-scale miners. Details concerning grade or production levels 
are not available but the size of the diamonds from this area is reportedly much larger than those from 
the Bonsa and Birimian fields. A license has been granted for prospecting in the area. This area extends 
from Ho in the south to Worawora in the north, underlain by rocks of the Buem Formation. 
Northern Ghana also has some very interesting potential for diamonds (Ghana Minerals Commission 
brochure). The two large, good quality diamonds (as indicated above) discovered in gravels of the White 
Volta, just to the north of Gambaga, appear to have come from basal units of the Voltaian Supergroup. 
In addition, numerous reports of non-Birimian types of diamonds within the Volta basin drainage system 





Furthermore, kimberlites could have intruded during the very lengthy period of the accumulation of the 
Voltaian sediments. Diamonds from this source could subsequently be eroded into younger Voltaian 
clastic units (Ghana Minerals Commission brochure). 
The new geological map of Ghana (Duodu et al., 2009) highlights the presence of swarms of mostly 
north trending (with a subordinate but prominent ENE set) dolerite dykes that can be traced from the 
southern coastal area to the northern border area. These dykes are considered as post-Voltaian and 
related to the Mesozoic break-up of Gondwana, which led to the separation of West Africa from NE 
Brazil and the neighbouring countries. Some of these structures may have been initiated along older, N-S 
structures inherited from earlier Birimian/Eburnean events. It may also not be entirely coincidence that 
the ENE dykes trend parallel to eastern Atlantic Ocean transform faults, some of which will be quite old. 
These major structures will certainly extend to very great depths through the thick continental crust and 
they could be effective conduits for kimberlites, which could entrain deeply buried diamonds from 
within the Birimian basement. 
1.8.6 Bitumen 
1.8.6.1 Field Observations 
The probability to find primary oil or gas in Early to Middle Proterozoic sedimentary rocks is very low 
due to the scarcity of fossil living beings at these times. The first observed occurrence of important 
enrichment of organic material is the ca. 2050 Ma old Zaonezhkaya Formation (“shungite event”) in 
north-western Russia (Melezhik et al., 1999). The basal sandstones of the Voltain sequence yield 
properties of a storage sediment (Bozhko, 1972, Voltaian Basin Workshop, 2008) reported the first 
observation of bitumen in the Volta basin. That is why it was a challenge during fieldwork, to find 
indications for existence of bitumen as indicator for hydrocarbons. 
We found remnants of bitumen in the cracks and joints in the limestone layer of Buipe. Therefore, there 
might have been some oil and gas in the lower or footwall of the sediments of Buipe limestone in the 
past, which might have migrated up to the limestone layer. A lot of oil and gas might have escaped since 
limestone is very porous. We can trace the limestone horizon for 60-80 km to the north from the south 
of Buipe on the geology map of Ghana (Duodu et al., 2009). There are indications at the northern rim of 
the Volta basin, that there could be some limestone together with tuff layer. We could therefore expect 
at least in the northern part of the Volta basin, some findings of heavy oil or asphalt together with the 
limestone. The reservoir for the oil could be the 2000 m thick porous sandstone layer. The source rock 
for the oil could be organic C-rich clay or shale. Since there is no cap rock on the supposed reservoir in 
the basal sandstones (dense clay or shale layer), this oil will migrate upwards to the limestone layer 
where the limestone will form a geochemical trap for the oil. The oil will then be altered to bitumen; 
some of the oil will go through the limestone and will disappear. But some remained as bitumen in the 






Figure 61: Bitumen in cracks of limestone in the Buipe quarry 
 
  
 Figure 62 : Bitumen joints and cavities of the Buipe limestone, Buipe quarry 
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Mineral Prediction with advangeo® Prediction Software 
Area Selection for Mineral Prediction 
The area for the application of the advangeo® Prediction Software for mineral prediction was selected 
based on the following data sets: 
interpretation of the airborne geophysics data (magnetics and radiometrics) of the Ghana 
Geological Survey Department (GSD), 
 the geochemical data of the MSSP for Map Sheets 0700A & B and 0800C & D (van Rooyen, 
2009 (Nkwanta Area)),  
the geological map of Ghana (Duodu et al., 2009) and  
the digital elevation model (GDEM).  
From the authors’ interpretation of the four aforementioned datasets, a correlation was established 
between the anomalies of especially chromium (Cr) and nickel (Ni) from the reprocessed geochemical 
data (MSSP) with the ultramafic rocks in the Nkwanta area (Figure 63). In order to establish if this trend 
(distribution of ultramafic rocks) continues southwards where there is no coverage of the geochemical 
dataset. We decided to use the advangeo® Prediction Software. 
 
Figure 63: Nkwanta area showing the grid of chromium anomaly, as a result of further processing of 
MSSP Geochemical data by the authors 
 
1.9.1.1.1  Aim of the use of advangeo® Prediction Software 
The aim of the prediction was to find the extent of the distribution of ultramafic rocks in the area 
beyond where the data of geochemical survey was non-existent.  The software package used for this 






1.9.1.1.2  Mineral Prediction using advangeo® Prediction Software 
Basics of advangeo®  
Advangeo® is a tailor-made programme for knowledge-based data modelling and forecasting events and 
phenomena with spatial relationships. Using methods of artificial intelligence, it is capable of identifying 
complex relationships between a wide variety of spatial parameters and the probability of a particular 
prognostic event or occurrence. Underlying this process is the ability of artificial neural networks to 
generalize and learn from the non-linear relationships that pervade the natural world. With this 
software and a reasonable amount of effort, it is possible to model the processes and events which 
would otherwise be difficult or impossible to analyze with analytical mathematical procedures. Thereby, 
the software provides a complete workflow for the design and processing of parametrized models.  All 
working steps such as problem definition, data selection, data processing as well as modelling 
parameters and results are comprehensible and can be saved. What’s more, integrated data and the 
results of modelling and prediction can be easily visualized in ESRI ArcMap. (Beak, 2007)  
Methodology 
I.  Preparation of Base Data 
1. Base Raster 
The first step is the preparation of the base raster. The base raster is the umbrella for all the datasets, 
that is, the maximum extent of all the datasets. Here the raster resolution and the extent (xmin, xmax, 
ymin and ymax) are defined. The cell size depends on the input data and the final product that is 
desired. The base raster is a rectangle. In this case, the dataset which has the maximum extent is the 
geological map (Duodu et al., 2009). For the definition of the resolution, the data which has the lowest 
resolution was chosen, in this particular case, the geophysical data set (Total magnetic intensity, TMI). 
The base raster is empty but within it, it has been assigned a value of 1 and outside it, zero. The base 
raster is to be used as the clip raster. 
In summary, the base raster is empty of information. The 3 (three) parameters of the base raster are: 
i. extent,  
ii. cell size (100,100)  
iii.         and the coordinate system (WGS84, UTM zone31). 
 
These settings were done with the base raster. The base raster should be biggger than the project and 
training areas.  
2. Project Area 
The next step is the formulation of the project area. The project area is always a vector quantity.  
Normally it is the working/application area. The choice of the project area was influenced by the 
availability of the geophysical dataset, which serves as the outline of the final prediction map that is to 
be created. 
 
3. Training Area 
The training area is defined by the availability of the geochemical dataset. In this case, the geochemical 
dataset of the MSSP for Map Sheets 0700A & B and 0800C & D (van Rooyen, 2009). The target of our 





geochemical soil sampling grid were digitized to serve as the training data. The training data is a vector 
data (Figure 64). 
The preparation of steps 1-3 is referred to as the “Base Data” for the advangeo® Prediction Modelling. 
 
Figure 64: Extent of base raster (with red infill), training area (outline in green) & project area (black 
outline) and location map 
II. Importing of all available input data and creation of module input data. 
  
The geochemical, geological and airborne geophysical datasets were all input data. But the difficulty is 
that the input datasets have different extents, different formats (raster and vector) and also different 
cell sizes. Some are raster and others are vector datasets. And in the case of raster datasets, some have 
different extents, or raster cells are not matching. All these issues needed to be sorted out in the 
creation of the input model data. The realignment (different extents, different formats and different cell 
sizes) is done in the process of pre-processing. In this process,  
 
i. First step was to convert all vector datasets to raster  
Advangeo uses only raster and not a vector data. Because of this, all vector data sets had to be 
converted into raster data and for the training data, binary transformation is applied. Since the geology 
dataset is not a continuous dataset, it has to be classified. The conversion into raster data is done by 
separating all the different classes into single different binary files. This process results in the creation of 
a single binary file for each class. For example, for ten (10) geological units, ten binary rasters are 
created. But in this case, the geology dataset was not used; the tectonic lines was used, that is, the 
structures from the geology.  Tectonic line is a vector; there it had to be converted into a raster. This was 
achieved by assigning all the raster cells under each line with a value of 1 and everything else was 
assigned the value of zero. Another way of vector-raster-conversion is to calculate the least distance to 
the lines, which is called the Euclidean distance. For any location, the shortest distance to the line is 
calculated (this is done automatically in advangeo®).  
  
ii. The second step is to map all the raster data unto the base raster, but if some of the raster cells are 





another. This is very important, since the modelling is done by raster cell to raster cell. If the cells are not 
matching, shifted or turned, the program will not work. 
III. Resampling  
The third step is with the raster data with continuous values, resampling of all values from its original 
distribution to fit into the distribution between 0 and 1 is required since the artificial neural network of 
advangeo® is calculating and modelling between 0 and 1 only for the output value. For the training data, 
the positive anomalies of Cr and Ni were assigned a value of 1 whilst the other areas are zeros. This is 
done in advangeo®, when the datasets are imported.  In addition, the original data distribution of the 
raster data needs to be re-scaled.  Because of this, in this case, the minimum to maximum values of the 
geochemistry or geophysics measurement were rescaled to fit into the value of 0 and 1. This rescaling 
can be done by linear, exponential or logarithmic. But here the linear rescaling function was used. 
IV. The fourth step was to run the model, the different layers of model input data such as the airborne 
geophysics (TMI slope- analytical signal, slope of K), tectonics and digital elevation model and then the 
training data were required. With these two types of data, modelling of the running of different 
scenarios began. In the beginning, the modelling was with all the input data sets (Total Magnetic 
Intensity (TMI), TMI slope, Potassium (Korg), Thorium (Thorg), Uranium (Uorg), Kslope, Thslope, Uslope, 
Euclidean distance to the tectonic lines, Euclidean distance to the intersections of the tectonic lines and 
finally the slope of the elevation model). This was called model No. 5 where all the input data was used. 
The Figure 65 and Figure 66 and Table 26 are that of model No. 5. 
Model 5 
All Input Data used 
 
Figure 65 : Training Curve/Error Curve of Model 5 
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Table 26 : Weighting of layers of Model 5 
 
 
Figure 66 : Histogram of Training Points with value=1 for Model 5 
The 5 layers with the highest weighting were selected as highlighted in bold letters (Table 26).  Model 
No.6 was created, where only these 5 important layers were used. The idea was to leave out the not too 
important information because it makes the result noisy and not precise.  Usage of “duplicated layers” 
(layers with the same pattern and information) should always be avoided in order not to make the result 
too biased in one direction. An example is when making a crime prediction and usage is made of 
“population” and “number of houses”, this will be a duplication since the number of houses and 
population has the same distribution and density and hence the prediction will be strongly biased in that 
direction. That is reason why the input data needs to be cleaned up, and that is the reason for using only 
the 5 selected data sets. The accuracy of the prediction is shown (Table 27, Figure 67 and Figure 68) 
Model 6 (5 Most Important Layers used) 
 





Table 27 : Weighting of Layers for Model 6 
Layer Name Connection Weights 
Garson’s 
Algorithm 
Radiometrics: K\Geophysics Slope (scaled) 9478.27 7.76 
Magnetics: Analytical Signal\Geophysics (scaled) 2044.42 1.54 
Radiometrics: Th\Geophysics Slope (scaled) 903.88 0.79 
Radiometrics: Th\Geophysics (scaled) -211.26 0.74 
DEM\Slope (scaled) 12.81 0.17 
 
 
Figure 68: Histogram of Training Points with value=1 (Model 6) 
The result of the training of model 6 was then applied to the whole area. The map below (Figure 69)    is 
the result of the prediction based on model no. 6. 
V. Conclusion of methodology 
Modelling is always done in two (2) steps; first the model is trained in just the training area with its 
extent. So even though the geophysical dataset has a larger extent, we only use the data for the training 
area extent. And secondly after the module is trained, then the application scenario is run for the whole 
area. For the running of the application further training for the data is not needed, the trained 
knowledge is applied with the weights. As a result, modelling chromium and nickel in the areas outside 
of the MSSP dataset was possible based on the correlation that the artificial neural network learned in 
the training area. The knowledge of the network is based on the setup of the different weights. Once the 
network has been trained, it can be applied to mineral prediction in any part of Ghana. 
Interpretation 
The result of the model no. 6 is the map below (Figure 69).  With the application of the advangeo®, the 
extent of Cr anomaly related with the ultramafic rocks could be traced southwards. This prediction is in 
line with our findings from the laboratory analyses of field samples ultramafic rocks located in the 
training and project areas having anomalous chromium values (Cr ≥ 1000 ppm).  From the results of the 
chemical analyses of our field samples, there is a direct correlation between the concentrations of Cr 
and Ni, that is, wherever there is an increase in Cr concentration, there is also increase in Ni 
concentration. Therefore the result of this prediction could be interpreted as showing the extent of the 
Ni anomalies in relation to ultramafic rocks as well. 













Mineralisation controls and indicators 
2.1.1 Geochemical Properties of selected stratigraphic 
units  
In order to identify regional geochemical specialisations in the Voltaian sediments we have used 
geochemical properties of selected stratigraphic units estimated by using soil geochemical data (1672 
samples) of the MSSP project (for processing methodology see appendix 5.6.1) within the Begoro, 
Gambaga, Prang and Nkwanta areas. The Begoro and Gambaga belong to the epicratonic basin; Prang 
belongs to the orogenic foreland basin and Nkwanta to the folded thrust belts.  
We understand that soil formation processes overprint the initial geochemical rock properties, but in 
case of missing other values these datasets will provide us with a reasonably good impression of the 
rocks. The data is used with the assumption that the soil inherits principal geochemical properties of the 
underlying rock. Even if later alteration processes have strongly overprinted the initial rock geochemistry 
(mostly in flat areas with stable tectonic regime), enrichments of ore elements such as Cu, Pb, Cr, Ni and 
others will provide us with reliable data of geochemical anomalies and consequently mineral potential.  
The principal results are shown in tables (Table 28, Table 29, Table 30 and Table 31) and Figure 70.  
 
Table 28: Mean concentrations (ppm) of selected elements in Prang Area (Orogenic Foreland Basin) 
 
Table 29 
Mean concentrations (ppm) of selected elements of stratigraphic formations in Begoro Area 
(Epicontinental Basin) 
 
Table 30: Mean concentrations (ppm) of selected elements of stratigraphic formations in Gambaga Area 
(Epicontinental Basin) 
 
Formation As Au Ba Co Cr Cu Ni Pb Sr U V Zn
Undifferentiated 
'Obosum Group' 
(vos) 44,559 0,010 121,224 6,304 37,757 8,280 11,377 3,338 23,848 0,515 16,706 5,866
Prang Area (Orogenic foreland Basin)
Formation As Au Ba Co Cr Cu Ni Pb Sr U V Zn
Anyaboni Fm' (van) 37,727 0,001 219,893 9,535 35,150 14,903 20,375 14,432 46,524 1,725 40,292 26,105
Obocha Fm' (vob) 41,146 0,006 165,010 10,415 36,496 16,753 22,109 13,128 47,701 2,162 48,599 37,960
Abetifi Fm' (vat) 42,941 0,002 165,961 10,512 37,186 16,343 22,255 13,127 49,694 2,186 50,147 36,766
Mpraeso Fm' (vmp) 42,095 0,003 163,118 10,171 37,949 16,864 20,378 14,062 46,194 2,300 50,318 37,760
Begoro Area (Epicontinental Basin)
Formation As Au Ba Co Cr Cu Ni Pb Sr U V Zn
Darebe Fm' (vdb) 9,089 0,009 55,559 8,778 397,103 5,579 3,234 7,693 24,053 0,000 195,213 19,076
Panabako Fm' (vpn) 10,303 0,009 89,049 9,510 898,922 4,363 3,793 9,578 26,605 0,000 141,382 21,056





Table 31: Mean concentrations (ppm) of selected elements of stratigraphic formations in Nkwanta Area 





Formation As Au Ba Co Cr Cu Ni Pb Sr U V Zn
busp (BSU) 9,878 0,013 217,804 63,000 786,203 57,976 739,035 7,842 39,700 0,000 174,357 65,443
bub (BSU) 13,479 0,010 340,993 202,323 1000,777 46,734 407,242 7,307 101,384 0,000 137,584 65,532
buch (BSU) 4,262 0,011 226,297 17,841 360,312 33,503 104,247 10,264 51,140 0,000 51,030 39,511
bufe (BSU) 14,012 0,010 249,488 19,963 322,312 20,349 92,493 11,788 44,833 0,000 47,334 34,041
bush (BSU) 12,69 0,01 150,03 9,24 112,72 16,52 29,80 10,33 45,88 0,04 35,61 25,21
bust (BSU) 15,36 0,01 255,74 14,51 236,13 22,13 83,51 12,89 83,99 0,23 49,98 34,52
tdph (TSU) 11,67 0,01 202,86 9,43 96,67 19,01 37,66 11,52 45,96 0,00 43,14 32,58
tdsq (TSU) 11,05 0,01 335,81 7,90 96,63 23,70 38,83 13,04 64,09 0,00 45,57 42,94
Nkwanta Area (Thrusted Continental Margin)
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Table 32: Elemenental abundances in earth’s crust (New Clarke Values) 
 
Table 33: Normalised values of the mean concentrations of the selected elements with the new Clarke 
values for Prang Area 
 
From Table 33, there is enrichment of gold (Au) in undifferentiated ‘Obosum Group’ (vos) layer, while 
depleted in the remaining elements.  
 








75 Reeves & Brooks (1978)
84 Mielke (1979)
0,004 Taylor (1964) & Mielke, 1979)
0,005 Reeves & Brooks (1978)
425 Taylor (1964), & Mielke( 1979)
600 Reeves & Brooks (1978)
640 Hawkes & Webb (1962)
Uranium 2,7 Taylor (1964) & Mielke (1979)
55 Taylor (1964)
60 Reeves & Brooks (1978)
60 Mielke (1979)
12,5 Taylor (1964)
14 Mielke (1979) , Reeves & Brooks (1978)
25 Taylor (1964),  Mielke( 1979)
26 Reeves & Brooks (1978)
Strontium 375 Taylor (1964)
Taylor (1964)
Mielke (1979)
Reeves & Brooks (1978)
Vanadium 135 Taylor (1964)
136 Mielke (1979)









Au(ppm) Ba(ppm) Co(ppm) Cr(ppm) Cu(ppm) Ni(ppm) Pb(ppm) Sr(ppm) U(ppm) V(ppm) Zn(ppm)
New Clarke values (ppm) 0,004 425 25 100 55 75 12,5 375 2,7 135 70
vos 2,49 0,29 0,25 0,38 0,15 0,15 0,27 0,06 0,19 0,12 0,08





Table 34: Normalised values of the mean concentrations of the selected elements with the new Clarke 
values for Gambaga Area 
 
From Table 34, in the ‘Darebe Mb’ of the Kodjari Formation (vdb), there is enrichment in Au, Cr, and 
vanadium (V). In the ‘Panabako Fm’ (vpn), there is enrichment in Au, V and Cr. 
Table 35: Normalised values of the mean concentrations of the selected elements with the new Clarke 
values for Begoro Area 
 
From Table 35, in the ‘Anyaboni Fm’ (van), there is enrichment in only Pb.  In the ‘Obocha Fm’ (vob), 
there is enrichment in Au, and Pb. In ‘Abetifi Fm’ (vat), there is enrichment in only Pb. In ‘Mpraeso Fm’ 
(vmp), there is enrichment only in Pb. 
Table 36: Normalised values of the mean concentrations of the selected elements with the Clarke values 
for Nkwanta Area 
 
From Table 36, busp formation, there is enrichment in Au, Co, Cr, Cu, Ni, and V. In the bub formation, 
there is enrichment in Au, Co, Cr, Ni and V. In the buch formation, there is enrichment in Au, Cr, and Ni. 
In the bufe formation, there is enrichment in Au, Cr and Ni. In the formation of bush, there is enrichment 
in Au, and Cr. In the formation of bust, there is enrichment in Au, Cr, Ni and Pb. The formations of busp, 
bub, buch, bufe, bush and bust, all belong to the Buem Structural Unit (BSU). 
In the formation of tdph, there is enrichment in Au, and Pb. And in the tdsq formation, there is 
enrichment in Au, and Pb. The formations of tdph and tdsq belong to the Togo Structural Unit (TSU). 
 
The regional geochemical properties of most elements do not show clear vertical dependencies. They 
are clearly within the frame or even below the Clarke values. The most prominent development is 
shown for Au, Cu, Pb, V, Cr and Ni within the sequence of the Buem and Togo structural units (see Figure 
70). These elements show a clear and strong tendency of enrichment with in the buch, bub and busp 
Formations.  The reason for these enrichments is clearly the presence of mafic and ultramafic intrusions 
within the Buem and Togo with respective mineralisations (see chapters 1.7.6, 1.7.7.1, 1.7.7.2, and 
1.7.7.3). 
Au(ppm) Ba(ppm) Co(ppm) Cr(ppm) Cu(ppm) Ni(ppm) Pb(ppm) Sr(ppm) U(ppm) V(ppm) Zn(ppm)
New Clarke values (ppm) 0,004 425 25 100 55 75 12,5 375 2,7 135 70
vdb 2,30 0,13 0,35 3,97 0,10 0,04 0,62 0,06 0,00 1,45 0,27
vpn 2,30 0,21 0,38 8,99 0,08 0,05 0,77 0,07 0,00 1,05 0,30
Gambaga Area (Epicontinental Basin)
Au(ppm) Ba(ppm) Co(ppm) Cr(ppm) Cu(ppm) Ni(ppm) Pb(ppm) Sr(ppm) U(ppm) V(ppm) Zn(ppm)
New Clarke values (ppm) 0,004 425 25 100 55 75 12,5 375 2,7 135 70
van 0,23 0,52 0,38 0,35 0,27 0,27 1,15 0,12 0,64 0,30 0,37
vob 1,41 0,39 0,42 0,36 0,30 0,29 1,05 0,13 0,80 0,36 0,54
vat 0,43 0,39 0,42 0,37 0,30 0,30 1,05 0,13 0,81 0,37 0,53
vmp 0,80 0,38 0,41 0,38 0,31 0,27 1,12 0,12 0,85 0,37 0,54
Begoro Area (Epicontinental Basin)
Au(ppm) Ba(ppm) Co(ppm) Cr(ppm) Cu(ppm) Ni(ppm) Pb(ppm) Sr(ppm) U(ppm) V(ppm) Zn(ppm)
New Clarke values (ppm) 0,004 425 25 100 55 75 12,5 375 2,7 135 70
busp 3,28 0,51 2,52 7,86 1,05 9,85 0,63 0,11 0,00 1,29 0,93
bub 2,57 0,80 8,09 10,01 0,85 5,43 0,58 0,27 0,00 1,02 0,94
buch 2,77 0,53 0,71 3,60 0,61 1,39 0,82 0,14 0,00 0,38 0,56
bufe 2,53 0,59 0,80 3,22 0,37 1,23 0,94 0,12 0,00 0,35 0,49
bush 2,54 0,35 0,37 1,13 0,30 0,40 0,83 0,12 0,02 0,26 0,36
bust 2,68 0,60 0,58 2,36 0,40 1,11 1,03 0,22 0,09 0,37 0,49
tdph 2,52 0,48 0,38 0,97 0,35 0,50 0,92 0,12 0,00 0,32 0,47
tdsq 2,57 0,79 0,32 0,97 0,43 0,52 1,04 0,17 0,00 0,34 0,61





2.1.2 Intrusive rocks 
In many cases, intrusive rocks control the spatial distribution of metallic and non-metallic minerals, as 
they provide sources of metals/minerals and/or the heat and fluids for their migration towards 
lithological and or structural traps in the overlying host rocks.  
According to the interpretation of airborne geophysical datasets (mainly gravimetry) executed by Fugro 
Airborne Surveys and British Geological Survey during the MSSP program in 2007, granitic intrusions 
might occur within the Voltaian basin (Figure 71 and Figure 72). Although we have searched for 
indications of such intrusions during field work and analysis of the elevation model, there is no physical 
evidence of their presence, like host rock alterations, acid dykes, hydrothermal veins etc. 
 
Figure 71: Supposed presence of intrabasin granitic intrusions (GGS et al., 2009) 
 
The only surface expression that we have found might be the trachytic volcanic rocks located at Ahenkro 








Figure 72: Location of supposed granitic intrusions and effusives (modified after GGS et al., 2009). 
 
In the Buem and Togo structural units, possessing the geo-tectonic position of a thrusted and folded 
continental margin, several ultramafic intrusions occur along N-S stretching thrust faults. These rocks 
continue over more than 150 km from North to South as large lenses with a thickness of 1- 3 km and a 
length of up to 20 km (see Figure 73). According to the mineral predictive mapping (see chapter 1.9, 
Figure 69) many of the comparable small ultramafic intrusive rocks are not mapped yet (Figure 73 and 






Figure 73: Location of ultramafic intrusive rocks 
 
Their prospectivity for Cr, Ni, Cu and potentially Pt was discussed in chapters 1.7.6, 1.7.7.1, 1.7.7.2, 
1.7.7.3 The exact location of the prospective areas probably hosting ultramafic rocks can be taken from 
the respective prospectivity map (see Figure 69, Figure 74).   














2.1.3 Volcanic rocks 
In the research area, two principal types of volcanic rocks occur: 
• Basalts  
• Highly specialised alkaline rocks (trachytes, trachyandesites, and phonolites) 
Details of their geochemical properties are described in chapter 5.5: Table 45, Table 46, Table 47 , Table 
48 and Figure 92, Figure 93, Figure 94, Figure 95). They indicate that the volcanic rocks belong to one 
differentiation chain starting with primitive basalts and being blended by acid earth crust material 
ending as trachytes and trachyandesites.  
The volcanic rocks stretch within a narrow band from North to South at the eastern side of Lake Volta 
(see Figure 75) directly east of the supposed granitic intra-basin intrusions.  
 





Some of the trachytic rocks contain unusual high concentrations of Ta (sample G96RK02: 72 ppm), U 
(sample G79RK1: 16.6 ppm), Sn (G75RK2 and G80RK1: 18 ppm), and Rb (G70RK1: 201 ppm) indicating 
strong differentiation processes. Although, the absolute values of these elements are still far below that 
of economic interest, they however, indicate processes of enrichments of these metals.  
Further, strong hydrothermal alteration processes have taken place in lava breccias (see Figure 41).  
The thin section (Figure 76) 
shows a silicificated basalt with 
secondary carbonate minerals on 
discrete fissure. In the breccia, 
the space between the clasts has 
been filled by quartz. Carbonate 
on secondary fissures “Drusen” 
are filled by Fe-Carbonate with 
growing zonation; impregnation 
with limonite (obviously oxidised 
former sulphides). Accessory 
mineral: zircon 
 
Figure 76: Thin section of field sample G69RK01 
The thin section shows strong alteration processes in these rocks (Figure 76). 
The presence of these important metallogenetic processes require further investigations in the 
respective areas, especially by soil geochemistry to identify geochemical anomalies of potential ore 
elements.  
2.1.4 Fault structural controls  
In many cases, faults control both the flow of ore bearing fluids and the location of mineralizations as 
they guide the fluids towards structural and lithological traps. Consequently, the intersection between 
faults and reactive rocks represent often interesting metallogenic features. 
In the Voltaian basin, several big fault structures occur (see Figure 77):  
• N-S thrusts within the folded continental margin  
• E-W faults  
• NNW-SSE faults  
Obviously, E-W striking fault systems have displaced considerably the lower Voltaian sediments. Along 
these structures “black” sandstones have been identified at several places within the Oti-Pendjari 





GH142RK1, GH143RK1). The black impregnations are clearly epigenetic, caused by migration of solutions 
on faults systems and within sandstone aquifers (Table 37).  
Table 37: Analyses of samples with fault controlled mineralizations 
 
These findings confirm that mineralisation processes have taken place after formation of the sediments.  
Further investigations of the respective formations are recommended.  
 
Figure 77: Spatial distribution of reactive rocks, fault structures and findings of Pb in rock samples in the 
Voltaian basin 
 
Sample_Nos Longitude Latitude Rock_description Ba(ppm) Pb(ppm) Cu(ppm) U(ppm)
G29RK2 -1,7382 7,9723 Fe crusts from sandstone 100 13 24 3,0
G29RK3 -1,7382 7,9723 Breccia filling in the sandstone 90 32 39 5,0
G31RK1 -1,7343 7,9834 black sandstone, upper Voltaian 6290 722 48 7,4
G141RK1 -1,6274 9,4600 laterite 40 25 22 7,43
G141RK2 -1,6274 9,4600 sandstone with Mn-dendrites 3240 148 11 0,68
G142RK1 -1,7500 9,3242 sandstone with black impregnation 20000 66 948 11,85





2.1.5 Reactive Rocks 
Reactive rocks like limestones, marls, mafic and acid tuffs, feldspar rich rocks, organic matter bearing 
sandstones often host metallic mineral occurrences as they are able to interact with hydrothermal 
solutions and fix the contained metals.  
Consequently, formations of these rocks, together with other prospectivity criteria as sources of heat 
and fluids (e.g. volcanic rocks, intrusive rocks, and deep seated structures), migration pathways (fault 
systems, high porous rocks) have the potential to host mineralizations.  
In the Volta basin, these rocks are occurring seldom, i.e. mainly on the top of the epicratonic basin (Oti-
Pendjari Group) and within the Buem structural unit (see Figure 77).  
In limestones at Buipe sulfide minerals have been identified along joints and sedimentation surfaces 
(Figure 78).  
 
 







2.1.6 Other sedimentary controls: placers and 
paleoplacers  
The possibility of formation of placer deposits is principally possible throughout the entire history of 
basin formation. Principal preconditions are sources of suitable minerals and sedimentary conditions. 
Consequently, the most probable location throughout the sedimentary sequence is either at the base of 
the basin (gold, diamonds from the pre-Voltaian basement, (Jordan et al, 2006), or within the sediments 
if other sources have been available, e.g. during the Dahomeyide Orogeny in the East of the basin. A 
possible concealed paleochannel with magnetic minerals (see chapter 1.7.11) was indicated by 
geophysical investigations providing some evidence for these processes.  
The presence of a few diamonds in various gravels (see chapter 1.8.5) also proves the presence of placer 
forming processes, as the diamonds have been relocated from the still unknown sources of the 
sequence of the research area. 
 
2.1.7 Laterites 
Laterites are known throughout the Volta basin. They cover almost all flat areas in the central parts of 
the basin as well as areas of high relief, forming important bauxite deposits in the Bombouaka-
Formation (Mt. Ejuanema deposit) and iron ore occurrences (not in the research area). They have been 
formed under stable tectonic conditions in a wet tropical climate during the Cenozoic and Mesozoic.   
2.1.7.1 General  
Studies of lateritic and bauxite deposits in Ghana and western Senegal has revealed that the same 
sequence of events are responsible for their formation. This sequence has three characteristic stages 
(Bruckner, 1957): 
a. Physical disintegration of the bed rock, leading to the formation of a stone layer 
b. Chemical decomposition of the stone layer and the underlying bed rock, accompanied normally by 
accumulation of a sandy horizon above the stone layer.  
c. Eluviation and partial erosion of the sandy horizon, the stone layer, and the rotten portion of the 
bedrock, accompanied by cementation of the remainder by ferruginous or aluminous matter, 
leading to the formation of a crust. 
Stage (a) represents a time of arid climatic conditions, stage (b) a time of warm humid conditions, and 
stage (c) a period of desiccation. The sequence therefore corresponds to a climatic cycle. 
It is generally accepted that the iron- and aluminium-rich formations known respectively as ”laterite” 
and “bauxite” are two varieties of terrestrial residual deposit formed by weathering processes in the 
tropical belt. Various definitions have been given to these formations by different researches. Some 
have stressed differences in composition or structure, others in the parent rock and still others 
differences in details of their mode of formation. But in West Africa, the common usage is based on the 
composition. Thus “bauxite” is applied to residual deposits rich in aluminium and low silicon and low to 
moderate iron contents, and “laterite” to markedly ferruginous and normally quartz-rich weathering 





Laterites are generally well layered, due to alternating downward percolation of rainwater and upward 
movement of moisture in the regolith during seasonal dry spells, and are often capped by some form of 
duricrust (Robb, 2005). Laterites are economically important as they represent the principal 
environment within which aluminium ores (bauxite) occur. Laterites form on stable continental land 
masses, over long periods of time. In parts of Africa, South America, and Australia laterization has been 
ongoing for 100 million years (Butt et al., 2000), and consequently, they are characterized by thick 
regolith profiles (up to 150 m) in which intense leaching of most elements has occurred such that they 
no longer reflect the rock compositions from which they were derived (Robb, 2005). 
Depending on the source rock, the chemical composition of laterites is different, varying between Al and 
Fe rich rocks.  They can also contain significant concentrations of other metals such as Ni, Mn, and Au, as 
well as Cu and PGE (Robb, 2005). Lateritic weathering releases nickel from atomic substitution in 
nickeliferous peridotite. Migrating downward, the nickel is redeposited as the mineral garnierite. 
2.1.7.2  Coverage of Laterites within the Volta Basin 
Laterites cover large parts of our research area (70% of Ghana- according to Africa Lyon Associates, et 
al., 1971). They are present almost everywhere, forming autochthon and allochthon covers of various 
thicknesses. From the report (Fugro, 2005/2008) (see Figure 79), our estimation of the lateritic cover of 
the Volta basin is 60-70%. 
The distribution of lateritic material in Ghana is favoured by the weathering of sesquioxide-rich rocks 
and proto-soil under conditions of good drainage and soil solutions of neutral or acid character. Other 
requirements are the alternate dry and wet seasons with an average annual rainfall of over 40 inches 







Figure 79: Interpreted laterite coverage within the Volta basin. Left shows the laterite over the regolith-
landform interpretation, right indicates the location of the laterite with respect to the ternary 






Figure 80: A typical regolith profile in northern and southern Ghana (Arhin et al., 2015) 
Within the research area nine laterite samples have been taken (location see Figure 81). Compared with 
laterites from known bauxite (Kibi, Mt. Ejuanema) and Iron deposits (Akpafu, Sheini) (see Figure 82), 
they are more related to the Fe-rich part of the diagram.  
In order to understand better the economic value of laterites, nine (9) samples ((G116RK1, G130RK1, 
G131RK1, G139RK1, G140RK1, G141RK1, G144RK2, G145RK1, and G147RK1) were taken from various 
locations as shown in (Figure 81). 
The chemical composition of laterites from nine (9) field samples (G139RK1, G130RK1, G131RK1, 
G116RK1, G144RK2, G140RK1, G145RK1, G147RK1 and G141RK1) compared with laterite samples from 
Kibi (Al-rich laterites on top of Birimian greenstone rocks), Akpafu and Sheini (Fe-rich laterites of the 
Buem Structural Unit), and Mt. Ejuanema (laterites at the base of the Voltaian Supergroup) (Kesse, 1985) 
(see Figure 82) 
The following samples are located in the Oti-Pendjari Group – G139RK1, G130RK1, G131RK1, G116RK1, 
G144RK2 and G140RK1 whilst G144RK2 and G145RK1 are located in the Obosum Group. 
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Figure 81: Location of laterite sampling and known laterite deposits 
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Figure 82: Composition of laterites compared with reference samples from Kibi, Akpafu, Ejuanema and 
Sheini)  
From the analysis (Figure 82), samples (G130RK1, G131RK1, G139RK1 & G145RK1) fall within the Ferritic 
Kaolinite zone; this may be due to the source rock (Afram formation, which is made up of mudstones, 
micaceous, sporadic limestone beds) and also secondary enrichment of silica (SiO2) from the Volta Lake. 
Sample (G140RK1) is a kaolinite, and is located within the Anyaboni Formation, which is made of 
sandstones and mudstones. The silica content and aluminium is high this may have influenced the 
composition of the laterite to be kaolinitic. It may also be due to the lateritic formation been in its initial 
stages of formation. 
G144RK1 falls within the bauxitic kaolinite zone, which may be due to the influence of its source rock 
(mudstone, siltstone, sandstone, & undifferentiated- Obosum Group) 
G141RK1- which is on the boundary kaolinite between laterite, this is may be due to an advanced stage 
of weathering where the silica content is getting depleted and the oxides of aluminium and iron 
predominates. 
G116RK1, this is in the lateritic zone. The source rock, although is from the Afram Formation (Voltaian) 
might have received secondary enrichment from the neighbouring formation of the Buem Structural 







2.1.7.2.1 Other laterite related formations 
There can also be accumulation of limonitic material in the recent drainage system and related terraces. 
One example, is that south of Tamale, on both banks of the White Volta, we observed medium to coarse 
grain conglomerates with the matrix filled with limonitic material, which indicates that the iron rich 
material was brought to the Volta River gravels from external sources, either during the sedimentation 
process, or later by  infiltration (Figure 83). 
 
Figure 83: Medium to coarse grain conglomerate in a laterite matrix 
 
2.1.7.2.2 Concentrations of trace elements in laterite samples  
The concentration of trace element concentrations in nine (9) laterite samples above has been presented 
in the table below (Table 39). 
Table 38: Trace element concentration (ppm) in laterite samples 
 
The trace element concentrations in (Table 39), were then normalised with new Clarke values (refer 
Table 33). The normalised values have been represented in (Table 40). 
Sample_NosAu(ppm) As(ppm) Ba(ppm) Co(ppm) Cr(ppm) Ni(ppm) Pb(ppm) Sr(ppm) U(ppm) V(ppm) La(ppm) Zn(ppm)
G116RK1 0,0003 35 80 14 690 40 27 16,5 5,78 430 16,8 26
G130RK1 0,0005 71 760 61 320 31 43 13,5 4,87 354 13,4 29
G131RK1 0,0003 47 1460 52 120 10 70 8,9 6,27 266 11,5 33
G139RK1 0,0004 59 870 72 440 36 66 19,9 2,95 201 19,5 113
G140RK1 0,0007 32 30 1 600 9 25 11,7 6,76 465 14,6 29
G141RK1 0,0004 27 40 2 350 20 25 12,5 7,43 382 20,4 25
G144RK2 0,0001 20 490 19 120 36 21 82,2 1,99 113 40,1 114
G145RK1 0,0002 37 3890 196 230 50 75 19 4,68 541 21,4 19





Table 39: Normalised values of Trace elemental concentrations with the New Clarke values in laterites 
 
The table (Table 40) indicates that all the lateritic samples are depleted in gold (Au), nickel (Ni) and 
strontium (Sr). The samples from east to west (Figure 84) are all enriched in chromium (Cr) and lead 
(Pb).  
On the basis of this analysis, a conclusion could be made that it is more likely to find mineralisation of Cr 
and Pb with the laterite samples and to some extent barium (Ba), cobalt (Co), uranium (U) and vanadium 
(V). On the other hand, it is unlikely to find mineralisation of gold, nickel and strontium within the 
laterite samples.
Sample_Nos Au(ppm) Ba(ppm) Co(ppm) Cr(ppm) Cu(ppm) Ni(ppm) Pb(ppm) Sr(ppm) U(ppm) V(ppm) La(ppm) Zn(ppm)
G116RK1 0,075 0,188 0,56 6,9 0,582 0,533 2,16 0,044 2,141 3,185 0,56 0,371
G130RK1 0,125 1,788 2,44 3,2 0,836 0,413 3,44 0,036 1,804 2,622 0,447 0,414
G131RK1 0,075 3,435 2,08 1,2 0,836 0,133 5,6 0,024 2,322 1,970 0,383 0,471
G139RK1 0,1 2,047 2,88 4,4 0,927 0,48 5,28 0,053 1,093 1,489 0,65 1,614
G144RK2 0,025 1,153 0,76 1,2 0,582 0,48 1,68 0,219 0,737 0,837 1,337 1,629
G145RK1 0,05 9,153 7,84 2,3 0,873 0,667 6 0,051 1,733 4,007 0,713 0,271
G147RK1 0,05 0,282 0,16 4,66 0,564 0,2 1,68 0,04 2,307 4,444 0,403 0,157












Figure 84: Distribution of laterites on an East – West Profile 
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2.1.8 Control of diamond occurrences  
The scattered occurrence of diamonds within the Voltaian Basin sediments does not show obvious 
regularities. Potential sources of diamonds as kimberlite rocks are not known. According to the 
knowledge from neighbouring countries, the initial formation age of the diamond bearing kimberlites 
might be from Proterozoic to Mesozoic (see chapter 1.8.5). Further, they might have been relocated 
several times throughout geological history. As kimberlites are bound to events of tectonic reactivation 
of consolidated crust, these conditions took place several times during the geological history of the Volta 
Basin:  
a. In the Proterozoic before sediment basin formation 
b. During the thrusting event of Buem/ Togo unit formation (Dahomeyide orogeny) 
c. During block faulting in Mesozoic  
These theoretical considerations provide no evidence for a profound prospectivity evaluation of 
diamond placer formation. 
Key stages of metallogenic development 
The geological history of the research area is marked by five principal geotectonic events (see Figure 85 
and Table 41) with very different metallogenic features, and consequently different prospectivities. 
Table 40: Metallogenic characteristics of stages of tectonic development 
 
1. The Epicratonic basin: These mainly clastic sediments of this first stage of basin formation have 
started to form in the Upper Proterozoic approx. 1000 Ma. After a gap of approx. 1070 Ma after the 
formation of the youngest basement rocks, the epicratonic basin started with the deposition of the 
stratigraphically lowermost sequences of the Kwahu-‘Morago’ (Bombouaka) Group, and ended with the 
deposition of the “Darebe Member ” of the Kodjari Formation (Duodu et al., 2009). These sediments 
outcrop exclusively at the western, northern and southern rims of the basin forming the so called 
massifs with steep outer erosion cuts dipping gently towards the centre of the basin They are 




 Age Lithology Metamorphism Magmatism Volcanism Faulting Minerals
Epicratonic Stage 1000 Ma 
Mudstone, siltstones, 
limestones & tuff None
Basic dykes cross-
cutting the sandstones
tuffs of the 
Darebe Mb of 
Kodjari Fm none
Sandstone hosted 
Uranium , alluvial 
diamonds , BIF
Rifting Stage
635 M - 







Coarse grained sandstones, 
conglomerates None None None
Block 
faulting BIF, Cr, Ni & PGE
Collision 576 Ma
Gabbros, serpentinites, alkali 
basalts, volcano-sedimentary 
sequence, quartzites, chert, 
siltstone
Greenschist facies in 
the western part, 
and increases to the 
east/southeast gabbros, basalts
thrust sheets with 
volcanic rocks , 
alkali basalts in 
the BSU thrust Cr, Au (hydrothermal)





From a metallogenic point of view the following issues are of interest: 
a. The basal sediments may carry minerals formed by erosion and weathering processes of the 
underlying basement, such as gold and bauxite. This is proven for the bauxite. Gold placers have not 
been found so far.  
The fault systems are ideal pathways for mineralising fluids potentially carrying minerals like barite, base 
metals, gold and uranium. First indications of these mineralizations have been found during our 
fieldwork (see chapter 2.1.4) 
b. Lithological traps like limestones and rocks with organic matter usually capture base metals and 
uranium. First indications have been found at Buipe.  
c. Bitumen has been found in cavities of the Buipe stromatolithic limestones. 
d. Intrabasin intrusives (formed in the later collision stage) would be ideal sources of heat as a 
requisite for fluid circulation of various metals. The related alteration processes should be visible over a 
distance of several km. Although BGS geologists have indicated the presence of such intrusives there is 
no real indication of their evidence.  
 
2. The Rifting stage: A continental rift develops over a mantle heat dome. Mafic dykes of North-
South direction form along the related N-S striking fault systems. Differentiated mafic and intermediate, 
partly highly alkaline, volcanic rocks with strong alteration processes (basalts, alkaline basalts, trachytes, 
metasomatic altered lava breccias) have been formed.  
From a metallogenic point of view the following issues are of interest: 
a. The presence of a big number of hydrothermal altered rocks and gossans with and around the 
volcanic rocks indicate the potential of formation of VMS deposits.  
b. The volcanic rocks and related metasomatites in lava breccias show increased grades of 
elements like U, Sn, Ta, and Rb.   
 
3. Regional subsidence and formation of an oceanic basin to the East.  
From the metallogenic point of view the following issues are of interest: The formation of the oceanic 
crust is the precondition and source of the ultramafic rocks that have in the following collision stage 
been intruded into the sequence of the Buem and Togo structural units. 
 
4. The collision stage: The thrusted continental margin with different thrust sheets is composed of 
the Buem Structural Unit (BSU), the sub-Buem (this unit has been described in section 1.5.2 above) and 
the Togo Structural Unit (TSU) which form the frontal thrusts units of the Dahomeyide orogenic belt. 
From the metallogenic point of view the following issues are of interest: 
a. In a stripe of approx. 150 km north-south extension many ultramafic intrusives are located. They 
show the typical composition and metallogeny with Cr, Ni, Cu, and increased grades of PGM. At some 
places, magnesite is present. 
b. In the higher metamorphic Togo unit, strong indications for mineralisation processes have been 
identified such as silicification processes and quartz veining with increased gold grades.  
The orogenic foreland basin can be divided into a non-folded basin and a folded basin. Orogenic 
foreland basin was deposited when the orogeny was further to the east and is made up of sediments of 
Upper Oti-Pendjari Group (Bimbilla Formation (vba) and onwards) and the Obosum Group. The folded 
foreland basin is to the west of the thrust sheets and is composed of sediments, mainly of the middle 





products of both the epicratonic basin and the thrusted continental margin. They lay with a strong 
unconformity on top of the epicratonic basin rocks. From the metallogenic point of view the following 
issues are of interest: 
a. Materials came mainly from the east where the orogeny took place and to a much lower degree 
from the west. Consequently related minerals would have been weathered and might be enriched in 
placers. 
b. These sediments are all clastic, no limestones, evaporites or otherwise metallogenic interesting 
rocks are known.  
c. Potential placer minerals would be strongly diluted by the masses of eroded clastics. Distances 
from potential sources of placer forming minerals are long. But placers would be possible.  
5. The Platform stage of metallogenic development is marked by a quiet tectonic environment 
with long phases of stable conditions and tropical weathering leading to the formation of laterites 
covering large areas.  Several block tectonic movements might have taken place as the formation of the 
massifs (e.g. Kintampo massif) show. Some of the mafic dykes might have had a Mesozoic origin 
indicating some blocking of the old craton. From the metallogenic point of view the following issues are 
of interest: 
a. Formation of Ni-laterites on top of ultramafic rocks 
b. Formation of bauxites on top of Al-rich shales  
c. Formation of Fe-rich laterites took place on top of iron-rich rocks 
d. Formation of placers bearing Au and Pt  
e. Block faulting has affected all older units as well as the underlying basement rocks. Related 















3 Discussion and recommendations 
Within the frame of this research, the complex geological history of the Voltaian basin has been 
systematically reconstructed. Based on a broad review of the literature and new data 5 stages of 
geological-tectonic development have been identified. For the first time a systematic review of the 
mineral potential of the Voltaian was executed. Known and potentially existing mineralizations have 
been related to the geotectonic history and metallogenetic conclusions have been drawn.   
• Magmatic events of the Darebe tuff member in the northern and western Volta basin could be 
correlated with the volcanic events at the continental margin (rifting stage) and the development of 
oceanic crust.  
 • On the base of structural and mapping data, two new structural units within the Dahomeyan 
orogenic thrust could be defined.  
Within the research area the following commodities are expected, ranked according to the probability to 
identify bigger occurrences of economic value: 
• Medium grade iron ores are known from the Sheini area. The iron is related to the so called 
banded iron formation (BIF). The prospective area is restricted to the BIF and quartzite outcrops, and 
can be traced easily by using aeromagnetic data. The size of the prospective area is approx. 50 km in N-S 
extension and 10 km in E-W extension.  
• Ultramafic rocks related metals Cr, Ni, Cu, and PGE: Chromite ores and high Ni grades in soils 
have been identified in ultramafic rocks. Some increased grades of PGE have been found as well. The 
expected mineralization types are: chromite and massive sulphides with Cu, Ni, PGE and laterite related 
Ni. The promising area is large and stretches over 130 km at the eastern rim of the Voltaian basin. 
Within this area the ultramafic rocks form N-S striking lenses with a thickness of up to 2 km and a N-S 
extension of up to 10 km.  
• A large number of gossans and hydrothermally altered rocks occur in and around the volcanic 
rocks of the Buem formation at the Eastern shore of Lake Volta. They indicate very strong hydrothermal 
activities. Increased grades of Ta, Sn and U have been found in silicificated lava breccias. Unfortunately, 
indications for enrichments of base metals have not been found so far. Further investigations are 
recommended.  
• First indications of hydrothermal gold have been found in Togo series rocks at the South-Eastern 
rim of the research area.  
• Obviously post sedimentary mineralizations with increased grades of Cu, Mn, Ba, and U have 
been found at several places in the lower sequence of the Voltaian sediments at the western rim of the 
basin. They consist mainly of black sandstones or breccia fillings and proof that mineralisation processes 
have taken place after sedimentation. Further systematic investigations are required to evaluate their 
economic relevance.   
• First Indications of recent and paleoplacers have been found at various sites. In these placers 





• The presence of carbonate rocks with some pyrite and increased Ba-grades indicates a certain 
potential for base metal and barite mineralizations.  
• Except for slightly increased values of U in black sandstones, no serious indications for sediment 
hosted Uranium mineralizations have been found so far. 
 






1. We recommend to further investigate the Buem and Togo structural units targeting especially the 
following types of mineralization (Figure 86): 
 Cr, Ni, PGE in ultramafic rocks 
 Banded iron formation 
 Base metals in hydrothermal altered volcanic rocks 
 Gold in metamorphic rocks  
2. The following methods are recommended: 
 Stream sediment sampling  
 Soil sampling of profiles crossing the ultramafic rocks (direction E-W)  
 Single boreholes on selected gossans to understand their vertical zoning (since ore elements 
could have been leached out near to the surface). 
3. The research for sandstone hosted and fault controlled mineralizations shall be executed especially in 
the western rim of the basin, using detailed airborne geophysical surveys for the location of fault 





4 List of References 
Aerodat (Ad), 1994-1996. Airborne Survey Report. 
Amoako P.Y.O., Amedofu S.K., & Akamaluk T., 1998. Processing and Interpretation of Airborne 
Geophysical Data, Airborne Survey, Ghana Geological Survey Department. 
Amoako P.Y.O., Amedofu S.K., & Akamaluk T. (2004). Processing and Interpretation of Airborne 
Geophysical Data, Airborne Survey 1999-2000, Ghana Geological Survey Department. 
Anani C., 2012. Preserved Sm-Nd Isotopic Composition as Useful Provenance Indicators in 
Neoproterozoic Sandstones in the Voltaian Basin, Ghana. Int. J Geosci 03:463–468.  
Anderson, J. S., 1945. Chemistry of the earth:  Royal Soc. New South Wales Jour. and Proc., v.  76, p.  
329-345. (For crust.) 
Apesegah E., 2008. The Hydrocarbon Potential of the Voltaian Basin (Post-Premuase-1 Well), Ghana 
National Petroleum Corporation. The Voltaian Basin, Ghana, Workshop and Excursion, March 10-
17, 2008. 
Arhin, E., Jenkin, G.R., Cunningham, D. and Nude, P., 2015. Regolith mapping of deeply weathered 
terrain in savannah regions of the Birimian Lawra Greenstone Belt, Ghana. Journal of Geochemical 
Exploration, 159, pp.194-207. 
Attoh K., Dallmeyer R.D., & Affaton P. (1997). Chronology of nappe assembly in the Pan-African 
Dahomeyide orogen, West Africa: evidence from 40Ar/39Ar mineral ages. – Prec. Res., 82, 153-171. 
Beak Consultants GmbH (Beak), 2007. advangeo® Prediction Software User’s guide, Version 2 for 
Windows 10.0. 
Berg, G., 1929. Vorkommen und Geochemie der Mineralischen Rohstoffe, p. 11, Leipzig. 
Barning K., 2005. Industrial Mineral Resources of Ghana, Ghana Minerals Commission. 
Baumann, L. & Tischendorf, G., 1976. Metallogenie-Minerogenie. VEB Verlag für Grundstoffindustrie, 
Leipzig, 460 pp. (in German). 
Bowen, H.J.M. 1978. Environmental Chemistry of the Elements. Spottiswoode Ballantyne Ltd. 286 p. 
Bozhko N.A., 1972. On the possible oil and gas bearing of Upper Precambrian deposits of Western 
Africa., Izvestia Vyshikh Uchebnykh Zavedeny, Neft and Gas N11 (in Russian) 
Bozhko N.A., 2008. Stratigraphy of the Voltaian Basin on evidence derived from borehole drillings, The 
Voltaian Basin, Ghana, Workshop and Excursion. 
Bruckner, W.D., 1957. Laterite and bauxite profiles of West Africa as an index of rhythmical climatic 
variations in the tropical belt. Eclogae Geologicae Helvetiae, 50(2), pp.239-256. 
Butt, C. R. M., & Cluzel, D. 2013. Nickel laterite ore deposits: Weathered serpentinites. Elements, 9(2), 
123–128. 
Carney J.N., Jordan C.J., Thomas C .W., Condon D.J., Kemp S.J., & Duodu J.A., 2010. Lithostratigraphy, 
sedimentation and evolution of the Volta Basin in Ghana. Precambrian Res 183:701–724. 
Clarke, F. W., & Washington, H. S., 1924. The composition of the earth's crust:  U. S. Geol. Survey Prof. 
Paper 127, p. 1-117.  (For igneous rocks.) 
Clarke, D. B., Cameron, B. I., Muecke, G. K., & Bates, J. L. (1989). Petrology and geochemistry of basalts 
from ODP leg 105, hole 647A, Labrador Sea and the Davis Straint area. IODP Vol 105, 105. 
Couëffé R., Vecoli M., 2011. New sedimentological and biostratigraphic data in the Kwahu Group (Meso- 
to Neo-Proterozoic), southern margin of the Volta Basin, Ghana: Stratigraphic constraints and 
implications on regional lithostratigraphic correlations. Precambrian Res 189:155–175. 





Castle Minerals Limited. (2008). Opon Mansi Iron Ore Deposit – South West Ghana, (March 2008). 
(www.castleminerals.com) 
Chirico P.G., Malpeli K. C., Anum S., & Phillips E. C., 2010. Alluvial Diamond Resource and Production 
Capacity Assessment of Ghana, US Department of Interior, US Geological Survey. 
Cox K.G., Bell J.D. & Pankhurst, R.J., 1979. The Interpretation of Igneous Rocks. George Allen and Unwin 
(Publishers), London, p. 450. 
Delor C., Fullgraff T., Urien P., Le Berre P., Thomas E., Roig J.Y., Reddering J.S.V., Gyapong W. & Brantuoh 
E.K., 2009. Geological Explanation – Map Sheets 0700A/2, 0700B/1, 0800D/1, 0800D/3, 0800C/2 
& 0800C/4 (1: 100.000). 
de Wit M. & Jeffery M., 1988. Geological Map of Sectors of Gondwana: Reconstructed to Their 
Disposition-150 Ma Scale 1: 10.000.000: Lambert Equal Area Projection-Centred at 20° S, 40° E. 
Amer. Ass. Petroleum Geol. 
Deynoux, M., Affaton, P., Trompette, R., & Villeneuve, M. (2006). Pan-African tectonic evolution and 
glacial events registered in Neoproterozoic to Cambrian cratonic and foreland basins of West 
Africa. Journal of African Earth Sciences, 46(5), 397–426. 
Duodu J.A., Loh G.K., Boamah K.O., Baba M., Hirdes W., Tolczyki M., Davis D.W. (2009). Geological Map 
of Ghana (1:1000000).   Edited & Published by Geological Survey Department of Ghana (GSD) in 
cooperation with Bundesanstalt für Geowissenschaften und Rohstoffe (BGR), Hannover, Federal 
Republic of Germany, 2009. 
Fersman, A. E., 1933. Geokhimia, Leningrad   [in Russian], quoted by Wells, R. C., 1937, U. S. G.eol. 
Survey Bull., 878, p. 4-5.  (For 10-mile crust) 
Finnish Geological Survey (GTK), 1997. Airborne Survey Report. 
Fleischer M., 1953. Recent Estimates of the Abundances of the Elements in the Earth’s crust, Geological 
Survey Circular 285, United States Department of Interior. 
Fugro Airborne Surveys Ltd., 2005/2008. Geological Interpretation of Summary Report Volta River and 
Keta Basins, Ghana. 
Fugro Airborne Surveys Limited, 2005. Airborne Geophysical Survey of the Volta River Basin and Keta 
Basin, Logistics and Processing Report (GEOTEM Regional Survey) 
Fugro Airborne Surveys Limited, 2005. Gravity Survey of the Volta River and Keta Basins, Logistics Report 
Fugro Airborne Surveys Limited, 2005. Airborne Magnetic and Radiometric Survey of the Volta River and 
Keta Basins, Logistics Report 
Fugro Airborne Surveys Limited, 2000. Non-Proprietary Airborne Magnetic and Radiometric Geophysical 
Survey, Ghana (Southwestern) 
Geotech Airborne Limited, 2009.  Electro-Magnetic Survey over Selected Areas of Ghana, Survey and 
Logistics Report on a Versatile Time Domain Electromagnetic (VTEM) Survey on the Hohoe Project 
Area. 
Geotech Airborne Limited, 2009. Electro-Magnetic Survey over Selected Areas of Ghana, Survey and 
Logistics Report on a Versatile Time Domain Electromagnetic (VTEM) Survey on the Nkwanta 
Project Area. 
Geotech Airborne Limited, 2009, Integrated Interpretation Report on a Versatile Time Domain 
Electromagnetic (VTEM) Survey on the Hohoe Project Area, Ghana. 
Ghana Geological Survey (GGS), British Geological Survey (BGS) & Fugro Airborne Survey (FUGRO), 2009. 
Geological Intrabasin Interpretation of Airborne Geophysical Data (Appendix 7) 





Gidigasu, M.D., 1972. Mode of formation and geotechnical characteristics of laterite materials of Ghana 
in relation to soil forming factors. Eng. Geol., 6: 79-150. 
Global, G. E. M., & Limited, V. (2012). Exploration Review, Opon-Mansi Iron Laterite Project, Ghana. 
Goldschmidt, V. M., 1937. The laws of the geochemical distribution of the elements:  IX. The abundance 
of the elements:  Norske vidensk. - Akad. Oslo, Mat. - Nat. Klasse, no. 4, p.  1-148 [in German].   
(For igneous rocks.) 
Griffis R. J., Barning K., Agezo F. L., & Akosah F. K., 2002. Gold Deposits of Ghana –Ghana Minerals 
Commission 
Gutzmer, J. & Beukes, N.J., 2002. Iron and manganese ore deposits: Mineralogy, geochemistry and 
Economic geology. Encyclopedia of Life Support Systems. 
Hawkes H.E. & Webb J.S., (1962). Geochemistry in Mineral Exploration. Harper and Row. 415 pp. 
High Sense (HS), 1999-2000. Airborne Survey Report. 
Hirdes W., Davis D.W., Lüdtke G., & Konnan G. 1996. Two generations of Birimian (Paleoproterozoic) 
volcanic belts in northeastern Cote d’Ivoire (West Africa): consequences for the ‘Birimian 
controversy'. Prec. Research, 80, 173–191. 
IAEA, 1979. Uranium Deposits in Africa – IAEA, Vienna. 
Jessell, M., Boamah, K., Duodu, J.A. & Ley-Cooper, Y., 2015. Geophysical evidence for a major 
palaeochannel within the Obosum Group of the Volta Basin, Northern Region, Ghana. Journal of 
African Earth Sciences, 112, pp.586-596. 
Jordan, T.H., Press F., Siever R., 2007. Understanding Earth. Fifth Edition, W.H. Freeman and Company, 
New York. 
Jordan C.J., Carney J.N., McEvoy F.M., Turner P. & Hall M., 2006, Ghana Airborne Geophysics Project: 
BGS Phase 1 (Report). 
Jordan C.J., Carney J.N. Thomas C.W., McDonnell P., 2009. Ghana Airborne Geophysics Project in the 
Volta and Keta Basins: BGS Final Report, 2009 
Junner, N.R. and Hirst, T., (1946). The Geology and Hydrology of the Voltaian Basin. Memoir 8. Gold 
Coast Geological Survey, 51 pp. 
Kalsbeek, F. (2008). The Voltaian Basin, Ghana, Workshop and Excursion, March 10-17, 2008. 
Kalsbeek F., Frei D., & Affaton P., 2008. Constraints on provenance, stratigraphic correlation and 
structural context of the Volta basin, Ghana, from detrital zircon geochronology : An Amazonian 
connection? Sediment. Geol. 212:86–95. 
Kalsbeek, F., & Frei, R. 2010. Geochemistry of Precambrian sedimentary rocks used to solve 
stratigraphical problems: An example from the Neoproterozoic Volta basin, Ghana. Precambrian 
Research, 176(1-4), 65–76. 
Kalsbeek, F., Ekwueme, BN., Penaye, J., de Souza, Z. S., & Thrane, K. 2013. Recognition of Early and Late 
Neoproterozoic supracrustal units in West Africa and North-East Brazil from detrital zircon 
geochronology. Precambrian Research, 226, 105–115. 
Kesse G.O., 1974. Bauxite Deposits of Ghana. Ghana Geological Survey (Report No. 75/2).  
Kesse G.O. & Banson J.K., 1975.  Iron Ore Deposits of Ghana. Ghana Geological Survey (48-51). 
Kesse, G.O., 1985. The Mineral and Rock Resources of Ghana, A.A.Balkema/Rotterdam/Boston/1985. 
Laznicka, P., 2013. Empirical metallogeny: depositional environments, lithologic associations and 
metallic ores. Vol. 1: Phanerozoic Environments, Associations, and Deposits, Vol. 2:  
Composition, characteristics, properties, and reactions of Phanerozoic metallic ore 





Levinson, A. A. (1974). Introduction to exploration geochemistry, Published by Applied Publishing Ltd., 
Illinois, 924 pp. 
Lompo M., 2010. Paleoproterozoic structural evolution of the Man-Leo Shield (West Africa). Key 
structures for vertical to transcurrent tectonics. Jour. African. Earth. Sci. 58:19–36. 
Pearce, J.A. 1996. A user's guide to basalt discrimination diagrams. Geological Association of Canada 
Special Publication 12: 79-113 
Pearce, J.A. 2008. Geochemical fingerprinting of oceanic basalts with applications to ophiolite 
classification and the search for Archean oceanic crust. Lithos, vol. 100, 14-48. 
Pearce, J. A. (2014). Immobile element fingerprinting of ophiolites. Elements, 10(2), 101–108. 
Polanski, A., 1948.  A new essay of evaluation of the chemical composition of the earth: Soc.  des Amis 
des Sci.  Lettres de Poznan, Ser.  B,  v.  9, p.  39-40.    (For 35 km-crust.) 
Porter S.M., Knoll A.H., &Affaton P., 2004. Chemostratigraphy of Neoproterozoic cap carbonates from 
the Volta Basin, West Africa. Precambrian Res 130:99–112. 
Markwitz, V., Hein, K. A. A., & Miller, J. (2016). Compilation of West African mineral deposits: Spatial 
distribution and mineral endowment. Precambrian Research, 274, 61–81. 
Mason, B., 1952.  Principles of geochemistry, 276 p., New York, John Wiley and Sons. (For crust.) 
Melezhik, V.A., Fallick; A.E., Filippov, M.M., & Larsen, O. (1999). Karelian shungite—an indication of 2.0-
Ga-old metamorphosed oil shale and generation of petroleum: geology, lithology and 
geochemistry. - Earth-Science Reviews 47, 1999, 1-40. 
Mielke J.E. 1979. Composition of the Earth’s crust and distribution of elements. 13-37 in Review of 
research on modern problems in geochemistry. Siegel, F.R. (Ed.), International Association for 
Geochemistry and Cosmochemistry Earth Science Series No 16, Paris, UNESCO. 
Morin W.J. & Todor P.C., 1975. Laterite and lateritic soils and other problem soils of the tropics. Agency 
for International Development.  
Nédélec, A., Affaton, P., France-Lanord, C., Charrière, A., & Alvaro, J. 2007. Sedimentology and 
chemostratigraphy of the Bwipe Neoproterozoic cap dolostones (Ghana, Volta Basin): A record of 
microbial activity in a peritidal environment. Comptes Rendus Geoscience, 339(3-4), 223–239. 
Nude, P. M., Kwayisi, D., Taki, N. A., Kutu, J. M., Anani, C. Y., Banoeng-Yakubo, B., & Asiedu, D. K. (2015). 
Petrography and chemical evidence for multi-stage emplacement of western Buem volcanic rocks 
in the Dahomeyide orogenic belt, southeastern Ghana, West Africa. Journal of African Earth 
Sciences, 112, 314–327. http://doi.org/10.1016/j.jafrearsci.2015.09.019 
Osae, S., Asiedu, D. K., Banoeng-Yakubo, B., Koeberl, C., & Dampare, S. B., 2006. Provenance and 
tectonic setting of Late Proterozoic Buem sandstones of southeastern Ghana: Evidence from 
geochemistry and detrital modes. Journal of African Earth Sciences, 44(1), 85–96. 
Rankama, K., & Sahama, T. G., 1950. Geochemistry, p. 39-40. The University of Chicago Press. (For 
igneous rocks.) 
Reeves R.D., & Brook R. R., 197). Trace element analysis of geological materials, John Wiley & Sons. 88 
pp. 
Robb, L. (2005). Introduction to ore- forming processes. Journal of Chemical Information and Modeling. 
Rollinson, H. R., 1993. Using Geochemical Data: Evaluation, Presentation, Interpretation. Pearson 
Education Limited. 
Rose A.W., Hawkes H.E., & Webb J.J. 1979. Geochemistry in Mineral Exploration. (2nd edition). 
Academic Press. London. 





Schneiderhöhn, H., 1934. Die Ausnutzungsmöglichkeiten der deutschen Erzlagerstätten: 
Metallwirtschaft, 13, p. 151-157.   (For 16 km-crust.) 
Tairou M.S., Affaton P., Anum S., & Fleury T.J., 2012. Pan-African Paleostresses and Reactivation of the 
Eburnean Basement Complex in Southeast Ghana (West Africa). Journal of Geol. Research, 
Vol. 2012, Article ID 938927, 15 pp. 
Tardy, Y., Kobilsek, B. and Paquet, H., 1991. Mineralogical composition and geographical distribution of 
African and Brazilian periatlantic laterites. The influence of continental drift and tropical 
paleoclimates during the past 150 million years and implications for India and Australia. Journal of 
African Earth Sciences (and the Middle East), 12(1-2), pp.283-295. 53. 
Taylor, S. R. 1964. Abundance of chemical elements in the continental crust: a new table. Geochimica et 
Cosmochimica Acta, 28(8), 1273–1285. 
Tonndorf, H. (2000). Die Uranlagerstätte Königstein. – SlfUG, Dresden; 210pp. 
Wedepohl, K.H., 1978. Handbook of Geochemistry, Vol. II, New York, 1978. 
van Rooyen R. C., 2009. Geochemical Atlas – Map Sheet 1001D (Gambaga Area) 
van Rooyen R. C., 2009. Geochemical Atlas – Map Sheet 0700A & B and 0800C & D (Nkwanta Area) 
van Rooyen R. C., 2009. Geochemical Atlas – Map Sheet 0601A4, 0601B3 & 0601D1/2/3 (Begoro Area) 
van Rooyen R. C., 2009. Geochemical Atlas – Map Sheet 0701A, 0702B, 0801C & 0802D (Prang Area). 
Viljoen J.H.A., Agenbacht A., Sheleema R., Gyapong W., Al Hassan, Ayite A., & Fearon S., 2009. Geological 
Map Explanation – Map Sheets 0701A/1, 0702B/2, 0801C/3 & 0802D/4, (1: 100 000). 
Villeneuve M. & Corne J.J. 2000. Structure, evolution and palaeogeography of the West African craton 
and bordering belts during the Neoproterozoic. Precamb. Research 69:307–326. 
Wedephohl, K.H., Editor, 1972. Handbook of Geochemistry. Berlin, Springer-Verlag. 
 
 
























Spektrum C O Al Si P Cl Fe
P 1.xls 64,83808 4,216342 26,65417 4,291411
P 2.xls 69,48063 3,693939 1,751752 0,266049 24,80763
P 3.xls 69,04308 2,201029 1,920291 0,360614 26,47499
P 4.xls 67,63266 2,088643 15,41189 0,158578 14,70823
P 5.xls 68,31924 2,559898 14,70911 0,121634 14,29012
P 6.xls 61,71317 0,519055 0,370979 0 37,39679
P 7.xls 63,60751 0,887451 0,386073 0,084471 35,0345
P 8.xls 66,60433 1,173013 28,36624 3,856412
P 9.xls 67,86189 0,514841 28,75028 2,872983
P 10.xls 69,28205 0,972975 0,471144 0,41925 28,85458
P 11.xls 69,53415 0,093441 0,716431 0,378264 29,27771
P 12.xls 65,24787 0,298761 1,339957 0,05099 33,06242
P 13.xls 65,83536 34,16464
P 14.xls 65,30662 34,69338
P 15.xls 87,62054 11,31789 1,061573
Mittelwert 87,62054 63,04164 1,601616 13,55045 0,204428 1,061573 21,24398
Sigma: 0 14,49604 1,353224 14,15674 0,155419 0 12,69064






5.1.2 Sample G109RK1 
 
             
  Quantax          
             
Quantifizierungs-Ergebnisse        
Atomprozent (%)          
Datum: 26.05.2014        
Spektrum O Al Si P Fe Zr  
P 1.xls 65,7977  34,2023     
P 2.xls 65,9212  34,0788     
P 3.xls 62,78682  18,74277   18,47042  
P 4.xls 63,2669  18,54457   18,18853  
P 5.xls 69,97499 1,53304 0,651641 0,212503 27,62782   
P 6.xls 69,21897 1,310912 0,611231 0,193477 28,6654   
P 7.xls 67,03774 0,491012 0,714898 0,063878 31,69248   
P 8.xls 67,64522 0,478098 0,628393 0,059731 31,18856   
        
Mittelwert 66,45619 0,953266 13,52183 0,132397 29,79356 18,32947  
Sigma: 2,566896 0,54879 14,95393 0,0819 1,95917 0,199324  
Sigma 
Mittelwert: 













5.1.3 Sample G116RK1 
 
Bruker Nano GmbH, Germany       
         
 Quantax        
         
Quantifizierungs-Ergebnisse       
Atomprozent (%)        
Datum: 26.05.2014       
Spektrum O Mg Al Si P Ti Cr Fe 
P 1.xls 65,30532   34,69468     
P 2.xls 65,35478   34,64522     
P 3.xls 65,33664   34,66336     
P 4.xls 64,68619  0,313006 33,51944    1,481363 
P 5.xls 67,14346  5,72336 4,669657    22,46352 
P 6.xls 67,32122  5,938639 4,7754    21,96474 
P 7.xls 70,73909  8,758259 4,16924    16,33341 
P 8.xls 66,69997 0,333066 11,44878 7,998806    13,51938 
P 9.xls 64,55958  2,443835 1,08477 0,058388 0,266735 0,414852 31,17184 
         
Mittelwert 66,34958 0,333066 5,77098 17,80229 0,058388 0,266735 0,414852 17,82238 
Sigma: 1,937846 0 4,05095 15,82708 0 0 0 10,04658 
Sigma 
Mittelwert: 

















5.1.4 Sample G121RK1 
 
 Quantax      
       
Quantifizierungs-Ergebnisse     
Atomprozent (%)      
Datum: 27.05.2014     
Spektrum O Al Si P Cr Fe 
P 1.xls 65,42616  34,57384    
P 2.xls 62,50595 0,481333 1,837578 0,010569 0,164581 34,99999 
P 3.xls 60,77648 0,126358 0,194597 0 0,330151 38,57241 
P 4.xls 65,10861 1,132647 0,99294 0,073976 0,269397 32,42243 
P 5.xls 69,71591 3,356783 0,916959 0,037127 0,620786 25,35244 
P 6.xls 68,30294 2,566283 0,820372 0,026404 0,388406 27,8956 
       
Mittelwert 65,30601 1,532681 6,556048 0,029615 0,354664 31,84858 
Sigma: 3,371621 1,381918 13,7359 0,028611 0,170266 5,322042 
Sigma 
Mittelwert: 



















5.1.5 Sample G121RK2 
 
Bruker Nano GmbH, Germany       
         
 Quantax        
         
Quantifizierungs-Ergebnisse       
Atomprozent (%)        
Datum: 26.05.2014       
Spektrum C O Mg Al Si Ca Cr Fe 
P 1.xls  62,44736 10,66052 7,994221 4,256863  10,59116 4,049876 
P 2.xls  61,40743 8,201331 7,151103 2,341822  14,60619 6,29212 
P 3.xls 20,12481 58,73811 10,22418 1,231841 1,606754 7,681119 0,393184  
P 4.xls  64,03741 18,88814 6,198165 10,87628    
P 5.xls 21,47351 59,50342 9,106934   9,916137   
P 6.xls 20,44112 59,66142 9,803772   10,09369   
P 7.xls 21,7488 59,12041 9,330341   9,80045   
P 8.xls  64,34269 17,07521 7,332569 9,844811  0,721135 0,683581 
P 9.xls 21,59081 59,18714 9,384954   9,837093   
         
Mittelwert 21,07581 60,93838 11,40838 5,98158 5,785307 9,465697 6,577917 3,675192 
Sigma: 0,738838 2,196393 3,817566 2,731786 4,302664 1,003989 7,144044 2,82298 
Sigma 
Mittelwert: 


















Spektrum C O Na Mg Al Si P S Cl K Ca Cr Fe
P 1.spx 65,65395 34,34605
P 2.spx 61,59617 0,462073 13,7567 0,684758 21,82457 0,204352 0,66727 0,804119
P 3.spx 69,29178 2,809629 0,79262 0,006264 0,056495 0,314452 26,72876
P 4.spx 69,67079 1,91347 1,063375 0 0,028818 0,279905 27,04365
P 5.spx 8,566126 57,08982 0,305915 0,212542 0,011893 0,010763 0,128846 33,67409
P 6.spx 8,581435 57,20187 0,239795 0,243163 0,024372 0,007946 0,146522 33,55489
P 7.spx 85,58911 13,67004 0,740846
Mittelwer 34,24556 56,31063 0,462073 13,7567 1,190713 9,747052 0,010632 0,026006 0,740846 0,204352 0,66727 0,217431 24,3611
Sigma: 44,46482 19,50154 0 0 1,127649 14,74989 0,010368 0,022331 0 0 0 0,093437 13,59219























Spektrum O Al Si P K Ti Fe
P 1.xls 65,99656 34,00344
P 2.xls 67,23021 6,814037 6,05346 0,088399 0,128737 19,68515
P 3.xls 67,19071 7,307766 6,657626 0,111528 0,088998 0,162237 18,48114
P 4.xls 70,29452 3,033485 2,237655 0,116556 24,31779
P 5.xls 66,92034 6,997169 8,209717 0,118829 0,444142 17,3098
P 6.xls 64,85174 2,240287 25,80636 2,084925 5,016684
Mittelwer 67,08068 5,278549 13,82804 0,108828 0,088998 0,70501 16,96211
Sigma: 1,818374 2,434155 12,87081 0,013957 0 0,930755 7,187532

















Spektrum O Al Si P Fe
P 1.xls 65,75786 34,24214
P 2.xls 65,74892 34,25108
P 3.xls 70,30347 2,137323 1,386941 26,17226
P 4.xls 70,64155 5,520072 3,177869 0,054088 20,60642
P 5.xls 68,41229 7,880532 4,324488 19,38269
P 6.xls 70,2613 1,716919 1,071981 26,9498
Mittelwert 68,5209 4,313711 13,07575 0,054088 23,27779
Sigma: 2,281831 2,924466 16,44191 0 3,837085















Spektrum O Mg Al Si P K Ti Mn Fe
P 1.xls 60,42927 0,672723 1,088703 0,031308 2,639284 35,13871
P 2.xls 61,07558 0,170975 0,233401 38,52004
P 3.xls 67,74169 4,299083 1,82366 26,13556
P 4.xls 65,48739 34,51261
P 5.xls 68,85517 0,173078 4,643355 2,074246 0,109968 0,255619 23,88856
P 6.xls 63,85061 1,298849 9,286385 12,87252 2,209073 10,48257
P 7.xls 65,71457 1,03033 11,67541 14,7264 2,033361 4,819933
P 8.xls 69,05771 0,465112 9,684188 8,169559 0,072013 12,55142
P 9.xls 63,1478 0,886526 0,678135 1,493161 33,79438
Mittelwer 65,03998 0,728018 5,216828 8,346871 0,109968 1,438149 2,066223 0,255619 23,1664
Sigma: 3,174555 0,44648 4,48261 11,30012 0 1,186366 0,810431 0 12,60109








5.1.10 Sample G147RK1 
 
 





Spektrum O Al Si K Ti Fe Zr
P 1.xls 66,25116 33,74884
P 2.xls 65,74411 34,25589
P 3.xls 64,09954 18,19292 17,70754
P 4.xls 67,07765 13,57002 12,23024 0,066317 0,562577 6,493206
P 5.xls 66,09004 10,31274 7,876147 0,15167 0,224291 15,34512
P 6.xls 65,39584 10,58414 8,037649 0,016054 0,149244 15,81707
Mittelwer 65,77639 11,48897 19,05695 0,078013 0,312037 12,5518 17,70754
Sigma: 0,99747 1,807345 12,17083 0,06856 0,220194 5,2522 0


























































































Deep drilling Data 
In 1962-1966, Soviet Geologists under the Zarubezhgeologia in collaboration with the local Geologists of 
the Geological Survey Department of Ghana (GSD) under the Ghana-USSR Technical Assistance 
Programme carried out further Geological and Hydrogeological investigation of the Volta Basin.  For the 
first time in the study of the lithostratigraphy of the basin, drilling reached a depth of 750m.  Eleven (11) 
deep boreholes were drilled in Tibagona, Tamale, Damongo, Larabanga, Nasia, Yendi, Buipe, Kintampo, 
Kete-Krachi, Prang and Wulasi (Figure 88).  
 Shell International Petroleum also drilled a borehole at Premuase to a depth of 1167.5 m. The aim was 
to obtain information on the Voltaian Supergroup sequence (Figure 88).  
 
Figure 88: Part of the geological map of Ghana (1:1 000 000) showing the locations of the 11 boreholes 
drilled by SGST (1964-1966) and the Premuase borehole (Apesegah, 2008) 
 
The Voltaian Supergroup crops out over 115,000 km2 in the Volta Basin, covering approximately 40% of 
Ghana. Despite its areal extent, however, the only compilation which offers a regional overview of the 
Supergroup has been the 1 to 1 million-scale-geological map by Junner (1940); more recent maps are 
derived from this. The north-easterly extension of the basin into the neighbouring countries of Togo, 
Burkina Faso and Niger has been studied in somewhat greater detail and compared with the Ghanaian 
outcrop by Affaton (1975, 1990) and Affaton et al. (1980). These strata are fractured, but for their most 
part are virtually undeformed and at low (diagenetic) metamorphic grades (Affaton, 1990). The 
government of Ghana between 2006 and 2010, in order to address the paucity of information in this 
area and also to generate investor interest, used substantial part of the 40 million Euro grant by the 
European Union for the Mining Sector Support Programme for the conduct of Airborne Geophysical 
Survey (magnetics, radiometrics, EM (GEOTEM & VTEM) and Airborne gravity), geological mapping, 
geochemical sampling and hydrogeological research. The companies which worked with the Geological 
Survey Department of Ghana (GSD) on the above surveys were Fugro Airborne Surveys Ltd. (Australia) 





of Bureau de Recherches Geologiques et Minieres (BRGM) of France and Geological Management 
Consultancy Ltd. of Ghana led by Council for Geoscience of South Africa (CGS). 
The GSD and the BGR (Federal Institute for Geoscience and Natural Resources, Hannover) under a 
Technical Co-operation Project (Ghana National Geological Mapping Project (GNGMP)) from 2006-2009 
implemented a project for the making of a new digital geological map at the scale of 1:1,000,000 (Duodu 






















Geophysical Datasets  
The first recorded airborne geophysical survey was in 1960 by Hunting Surveys Ltd. of the United 
Kingdom (Kesse, 1985). It was a magnetic and radiometric survey over the Ashanti Gold belt and over a 
portion of south-east Ghana (Figure 89) 
 
Figure 89: Map of airborne survey by Huntings Surveys Limited & Prakla GmbH, modified after (Kesse, 
1985)  
The second airborne (magnetic and radiometric) survey was carried out by Prakla GmbH for their client, 
Uranerzbergbau GmbH in parts of the Northern, Eastern and Western Regions of Ghana 1968 and 1970 
in search of Uranium deposits. (Figure 89) 
In 1994-1996, the third airborne geophysical (magnetics and radiometrics) survey was flown by Aerodat 
(Ad) for Mutual (Gh.) Ltd. (a mining company) followed by the airborne survey done by Geological 
Survey by Finland (GTK) in 1997 and that of High Sense (HS) in 2000 (Figure 90). The surveys by GTK and 







Figure 90: Areas of the airborne geophysical surveys carried out by High Sense (HS) in 1999-2000, 








Table 41: Specification of Airborne Surveys (1994-2000) 
 
Finally, the European Union funded airborne geophysical survey in the Mining Sector Support 
Programme (MSSP) from 2005 – 2009 with the following specifications (Table 43 & Table 44). 
Table 42: Specification of Airborne Surveys in the Hohoe and Nkwanta Project Areas (2005-2009) 
 
Contractor Data Collected Date Survey Parameters
Aerodat Inc., Canada Magnetics/Radiometrics 1994 - 1996 Traverse line spacing - 200 m
(Fugro, 2000) Traverse line direction - NW-SE
Tie Line Direction :
90° to flight lines
Tie line spacing - 3 (or 5) km
Nominal terrain clearance - 100 m
Geological Survey of Finland (GTK) Magnetics/Radiometrics/ 1997 Traverse line spacing - 400 m
(Amoako et al., 2004) Electromagnetics Traverse line direction :
NW - SE (Areas 1 &3)
E - W (Areas 2 & 4)
Nominal terrain clearance - 70 m
High Sense Geophysics Ltd., Canada. Magnetics/Radiometrics 1999/2000 Traverse line spacing - 400 m (800 m
(Amoako et al., 2004) for Area 4)
Traverse line direction - approx. 315°
Tie line direction -  approx. 045°
Tie line spacing - 5000 m
Nominal terrain clearance - 80 m
Contractor Data Collected Date Survey Parameters
Geotech Airborne  Ltd. Versatile Time Domain Sept. - Traverse line spacing - 400m
(Logistics  Report- VTEM - Electromagnetic Survey (VTEM) Dec., 2008 Traverse line direction :
Hohoe & Nkwanta Project Areas) 090° - 270° 
Tie Line Direction :
000° - 180° 
Tie line spacing - 4000 m














Contractor Data Collected Date Survey Parameters
Fugro Airborne Surveys Ltd. GEOTEM (Areas 1 to 8) May, 2007 - Traverse line spacing - 200m
(Logistics & Processing Report- April, 2008 (Areas 1, 2 &3)
GEOTEM Areas 1 to 8) 400m (Areas 4, 5, 6, 7 & 8)
Traverse line direction :
000° - 180° (Areas 1, 5 & 6)
132° - 312° (Areas 2, 3, 4 & 7)
135° - 315° (Area 8)
Tie Line Direction :
090° - 270° (Areas 1, 5 & 6)
042° - 222° (Areas 2, 3, 4 &7)
045° - 225° (Area 8)
Tie line spacing -
2000 m (Areas 1, 2 & 3)
4000 m (Areas 4, 5, 6 & 7)
10 000 m ( Area 8)
Nominal terrain clearance -
120 m
Fugro Airborne Surveys Ltd. GEOTEM (Regional Survey) Dec.,  2006 - Traverse line spacing - 20 km
(Logistics & Processing Report- May, 2007 Traverse line direction :
GEOTEM Regional Survey) 132° - 312°
Tie Line Direction : 42° - 222°
Tie line spacing - 20 km
Nominal terrain clearance -
120 m
Fugro Airborne Surveys Ltd. Magnetics/Radiometrics Dec. 2005 - Traverse line spacing - 500 m
(Logistics & Processing Report- June 2006 Traverse line direction - 135°
Airborne Magnetics & Tie line direction - 225°
Radiometrics Survey) Tie line spacing - 5000 m
Nominal terrain clearance - 75 m
Fugro Airborne Surveys Ltd. Gravity Survey March - Traverse line spacing - 5000 m
(Logistics Report- April, 2008 Traverse line direction - 312°
Gravity Survey) Tie line direction - 045°
Tie line spacing - 50 000 m






Figure 91: Map of total area coverage of airborne geophysical surveys after Mining Sector Support 
Programme 
Conclusion: As a result of these surveys (Figure 91), Ghana now has a full coverage of airborne 
geophysical data for magnetics and radiometrics. 
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Geochemical properties of volcanic rocks 
Eighteen (18) samples have been taken from volcanic rocks. They occur exclusively at the eastern side of 
Lake Volta.  
Their geochemical parameters are given below (Figure 92 and Table 45).  
Table 44: SiO2 & (Na2O+ K2O) concentrations of sampled volcanic rocks in research area 
 
 
Figure 92: Plot of TAS of sampled volcanic rocks  
 
Sample_Nos Longitude Latitude Rock_description SiO2(%)
G79RK1 0,3183 7,1316 trachyte 58,3 11,18
G80RK1 0,3181 7,1312 trachyte 61 11,78
G80RK2 0,3181 7,1312 trachyte 60,2 12,26
G81RK1 0,3176 7,1310 trachyte 59,9 11,95
G82RK1 0,3175 7,1306 trachyte 63,9 10,76
G83RK1 0,3173 7,1300 trachyte 60,2 9,95
G83RK2 0,3173 7,1300 phonolite 58,5 13,07
G84RK1 0,3167 7,1293 trachyte 57,7 11,73
G85RK1 0,3142 7,1258 trachyte 59,6 12,29
G86RK1 0,3127 7,1235 trachyandesite 57,4 9,63
G86RK2 0,3127 7,1235 trachyandesite 56,8 9,98
0,3128 7,1190 trachyte 58,5 13
0,3128 7,1190 57,3 12,67
0,3133 7,1197 trachyte 59,5 12,23
0,2918 7,1373 43,4 3,57
0,2918 7,1366 dacite 65,1 4,56
0,2766 7,1461 42,9 2,97



























































Table 46: REEs concentrations normalized with MORB 
 
 
N-MORB Sun & McDonough 1989 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Sample_Nos. Rock descriptions Probe 2,5 7,5 1,32 7,3 2,63 1,02 3,68 0,67 4,55 1,01 2,97 0,456 3,05 0,455
G79RK1 trachyte 83,2 57,06667 37,42424 23,15068 11,25475 5,22549 6,168478 6,044776 5,538462 4,90099 5,13468 5,657895 5,262295 5,802198
G80RK1 trachyte 89,2 57,86667 39,09091 23,08219 11,17871 5,156863 6,25 5,80597 5,252747 4,623762 4,89899 4,824561 5,032787 5,120879
G80RK2 trachyte 103,6 52,4 42,34848 24,79452 11,52091 5,264706 6,059783 5,402985 5,098901 4,554455 4,6633 4,846491 4,967213 5,032967
G81RK1 trachyte 90,8 56,13333 39,16667 23,08219 11,36882 5,186275 5,951087 5,80597 5,230769 4,584158 4,814815 5,131579 4,737705 4,989011
G82RK1 trachyte 99,6 44,93333 39,24242 22,46575 10,03802 4,382353 5,149457 4,656716 4,307692 3,663366 4,023569 4,254386 4,016393 4,263736
G83RK1 trachyte 190,8 38,4 70,15152 37,67123 12,92776 5,882353 6,11413 5,19403 4,505495 3,792079 3,787879 4,057018 3,803279 4,175824
G83RK2 phonolite 79 48,93333 35 20,89041 10,19011 4,715686 4,945652 4,731343 4,43956 3,80198 3,905724 4,276316 4,196721 4,615385
G84RK1 trachyte 90,4 58,53333 40,30303 24,17808 11,74905 4,95098 5,76087 5,462687 4,989011 4,306931 4,427609 4,934211 4,639344 4,945055
G85RK1 trachyte 75,4 49,86667 34,69697 20,54795 9,73384 4,607843 5,285326 4,80597 4,483516 3,990099 4,191919 4,385965 4,114754 4,659341
G86RK1 trachyandesite 38,16 25,4 17,72727 11,12329 5,532319 3,333333 2,771739 2,358209 2,208791 1,881188 1,929293 1,995614 1,954098 2,131868
G86RK2 trachyandesite 38,28 26,2 18,33333 11,45205 5,475285 3,460784 2,880435 2,462687 2,241758 1,891089 1,939394 2,083333 1,963934 2,065934
G87RK1 trachyte 74,2 49,86667 33,56061 20,27397 10,11407 4,696078 5,203804 4,761194 4,43956 3,950495 4,040404 4,342105 4,491803 4,681319
G87RK2 phonolite 160,8 49,06667 63,78788 33,83562 13,4981 5,411765 5,978261 5,38806 4,725275 4,118812 4,090909 4,627193 4,245902 4,571429
G88RK1
basaltic lava breccia, 
hydrothermal alteration 77,4 51,46667 34,84848 21,09589 10,19011 4,892157 5,652174 5,268657 4,659341 4,138614 4,276094 4,802632 4,377049 5,010989
G98RK1 basanite 8,76 6,64 5,727273 4,424658 2,703422 2,421569 1,782609 1,38806 1,202198 0,920792 0,845118 0,745614 0,678689 0,637363
G99RK2 dacite 15,92 12,4 9,772727 7,273973 4,18251 3,382353 2,730978 2,268657 1,931868 1,584158 1,508418 1,403509 1,232787 1,142857
G102RK1 basalt 11,4 8,773333 6,636364 4,958904 2,78327 2,166667 1,80163 1,41791 1,138462 0,970297 0,855219 0,789474 0,72459 0,659341
G104RK1 basanite 7,96 6,28 5,106061 3,931507 2,48289 2,27451 1,649457 1,283582 1,081319 0,841584 0,771044 0,767544 0,596721 0,527473
184 
 
Figure 94: Plot of REEs normalized with Chondrite 
We have two (2) or three (3) groups, in the beginning in the uppermost part; we have two samples with negative Ce (cerium) and Eu anomaly (Figure 94). 
This means that these are differentiated magmas. The negative Eu anomaly comes from the Europium content of plagioclase because the Eu goes as a 3 -
fold element with Tungsten so it will be built in the plagioclase and the feldspar. If there is separation, plagioclase cumulates from the magma, we will get a 
negative Eu distribution or negative Eu anomaly. That is an indication of a differentiated magma. The other 5 lines here do not show any negative Eu 






Europium anomalies are chiefly controlled by feldspars, particularly in felsic magmas, for Eu (present in the divalent state) is compatible in plagioclase and 
potassium feldspar, in contrast to the trivalent REE which are incompatible. Thus the removal of feldspar from a felsic melt by crystal fractionation or the 
partial melting of a rock in which feldspar is retained in the source will give rise to a negative Eu anomaly in the melt (Rollinson, 1993). 
Table 47: Element Concentrations normalised against MORB 
 
 
Probe Cs Rb Ba U Nb Ta K La Ce Pb Pr Sr Nd Sm Zr Hf Eu Ti Gd Tb Dy Y Ho Er Tm Yb Lu
G79RK1 30 232,1429 25,39683 353,1915 178,97 195,4545 63,34043 83,2 57,06667 60 37,42424 1,583333 23,15068 11,25475 43,64865 36,39024 5,22549 0,110429 6,168478 6,044776 5,538462 4,642857 4,90099 5,13468 5,657895 5,262295 5,802198
G80RK1 24,28571 241,9643 23,80952 269,1489 181,5451 193,1818 71,6383 89,2 57,86667 66,66667 39,09091 0,545556 23,08219 11,17871 41,08108 35,70732 5,156863 0,110429 6,25 5,80597 5,252747 4,464286 4,623762 4,89899 4,824561 5,032787 5,120879
G80RK2 28,57143 258,0357 26,98413 192,3404 186,6953 181,0606 75,09574 103,6 52,4 60 42,34848 0,948889 24,79452 11,52091 38,24324 33,70732 5,264706 0,102542 6,059783 5,402985 5,098901 4,464286 4,554455 4,6633 4,846491 4,967213 5,032967
G81RK1 17,14286 208,9286 17,46032 226,5957 169,5279 184,8485 63,20213 90,8 56,13333 63,33333 39,16667 0,817778 23,08219 11,36882 40,81081 33,70732 5,186275 0,110429 5,951087 5,80597 5,230769 4,589286 4,584158 4,814815 5,131579 4,737705 4,989011
G82RK1 17,14286 178,5714 20,63492 178,5106 140,3433 150 74,12766 99,6 44,93333 50 39,24242 0,64 22,46575 10,03802 33,91892 27,36585 4,382353 0,110429 5,149457 4,656716 4,307692 3,732143 3,663366 4,023569 4,254386 4,016393 4,263736
G83RK1 18,57143 56,07143 22,22222 151,0638 122,3176 130,303 26,82979 190,8 38,4 53,33333 70,15152 1,977778 37,67123 12,92776 31,08108 25,95122 5,882353 0,149869 6,11413 5,19403 4,505495 3,767857 3,792079 3,787879 4,057018 3,803279 4,175824
G83RK2 38,57143 296,4286 49,20635 187,4468 147,2103 162,1212 122,9468 79 48,93333 53,33333 35 2,544444 20,89041 10,19011 36,75676 30,68293 4,715686 0,141981 4,945652 4,731343 4,43956 3,660714 3,80198 3,905724 4,276316 4,196721 4,615385
G84RK1 20 283,0357 23,80952 241,4894 149,7854 180,303 90,30851 90,4 58,53333 60 40,30303 2,7 24,17808 11,74905 41,08108 34,29268 4,95098 0,110429 5,76087 5,462687 4,989011 4,392857 4,306931 4,427609 4,934211 4,639344 4,945055
G85RK1 24,28571 216,0714 53,96825 148,2979 159,2275 163,6364 78,82979 75,4 49,86667 56,66667 34,69697 1,422222 20,54795 9,73384 37,7027 31,5122 4,607843 0,118317 5,285326 4,80597 4,483516 3,857143 3,990099 4,191919 4,385965 4,114754 4,659341
G86RK1 1821,429 272,3214 109,5238 83,40426 69,95708 69,69697 54,48936 38,16 25,4 30 17,72727 3,777778 11,12329 5,532319 17,97297 13,90244 3,333333 0,276074 2,771739 2,358209 2,208791 1,860714 1,881188 1,929293 1,995614 1,954098 2,131868
G86RK2 1150 323,2143 103,1746 82,12766 70,38627 71,21212 62,92553 38,28 26,2 40 18,33333 3,388889 11,45205 5,475285 18,24324 14,14634 3,460784 0,283961 2,880435 2,462687 2,241758 1,860714 1,891089 1,939394 2,083333 1,963934 2,065934
G87RK1 35,71429 325 84,12698 197,0213 139,0558 162,1212 115,0638 74,2 49,86667 53,33333 33,56061 1,783333 20,27397 10,11407 36,62162 30,68293 4,696078 0,118317 5,203804 4,761194 4,43956 3,910714 3,950495 4,040404 4,342105 4,491803 4,681319
G87RK2 37,14286 275 30,15873 171,7021 145,0644 159,8485 117,8298 160,8 49,06667 53,33333 63,78788 1,188889 33,83562 13,4981 34,72973 28,4878 5,411765 0,110429 5,978261 5,38806 4,725275 4,232143 4,118812 4,090909 4,627193 4,245902 4,571429
G88RK1 25,71429 233,0357 34,92063 201,7021 166,0944 172,7273 80,07447 77,4 51,46667 76,66667 34,84848 1,35 21,09589 10,19011 38,37838 32,14634 4,892157 0,118317 5,652174 5,268657 4,659341 4,053571 4,138614 4,276094 4,802632 4,377049 5,010989
G98RK1 25,71429 32,32143 65,07937 12,34043 12,83262 14,39394 15,62766 8,76 6,64 3,333333 5,727273 4,8 4,424658 2,703422 2,756757 2,536585 2,421569 2,232252 1,782609 1,38806 1,202198 0,896429 0,920792 0,845118 0,745614 0,678689 0,637363
G99RK2 0,714286 9,464286 85,71429 31,06383 21,03004 23,48485 5,808511 15,92 12,4 10 9,772727 1,477778 7,273973 4,18251 5,297297 4,487805 3,382353 0,623138 2,730978 2,268657 1,931868 1,425 1,584158 1,508418 1,403509 1,232787 1,142857
G102RK1 44,28571 44,28571 14,28571 20,42553 18,19742 24,24242 16,59574 11,4 8,773333 6,666667 6,636364 2,8 4,958904 2,78327 4,189189 3,756098 2,166667 1,056968 1,80163 1,41791 1,138462 0,875 0,970297 0,855219 0,789474 0,72459 0,659341




Figure 95: Plot of element concentrations normalised against MORB 
 
Regional Geochemical Datasets (MSSP) 
Soil geochemical data have been collected during the Mining Sector Support Programme (MSSP) (van 
Rooyen, 2009) for the 1: 100 000 map sheets of 0601A/4, 0601B/3,  0601D1/2/4 (Begoro Area), 0701A, 
0702B, 0801C, & 0802D (Prang Area),  0700A/2/4, 0700B/1/3, 0800C/4 & 0800D/1 (Nkwanta Area) and 
1001D (Gambaga Area)(Figure 96). They cover several formations of the Voltaian Supergroup and the 
thrust sheets (Buem and Togo Structural Units).  
Sample Collection: Samples were collected in a 1x1 km grid, by using composite sample methodology. In 
total 2883 samples were collected  at an average sample density of one sample per square 
kilometre.The sampling was conducted on foot, vehicle and motorcycle with a composite sample, 
comprising 3 samples each, was collected at each location in the field, with the < 106 μm size fraction 
screen out in Accra and Pretoria and the 106 – 180 μm retained for future use. 
Analytics : The <106 μm size fraction were analyzed for 28 elements (Ag, Al2O3, As, Au, Ba, Bi, CaO, Cd, 
Co, Cr, Cu, Fe2O3, K2O, MgO, Mn, Mo, Na2O, Ni, Pb, Sb, SiO2, Sr, Rb, ThO2, TiO2, U3O8, V and Zn). 
The majority of the elements were analyzed by wavelength dispersive XRF (both simultaneous and 














5.6.1 Methodology of data processing  
All the analytics for the four areas were combined the into one Excel sheet (Research_area_mssp1.xlsx) 
– Appendix 7.3. The values of the analyses of individual elements were then gridded using IDW (Inverse 
Distance Weighting), a tool in Spatial Analysis (ArcGIS) .The result of this process produced raster images 
of grids such as Cr(ppm),  Al2O3(per cent), etc. for the various elements as shown in Figure 97 and Figure 
98. 
 






Figure 98 : Overview Map of geochemical grids for Al2O3 
 
The next stage is identifying the geological formation which lies within the area of the grids. This was 
done by overlaying the digitized geology polygon shapefile on the grid of Al2O3 for example. Using the 
Gambaga area as an example, we identified three formations (vpn – Panabako Sandstone Formation, 
vdb – Kodjari Formation and vba – Bimbila Formation) (Figure 99) 
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Figure 99 : Formations in Gambaga geochemical grid 
From the geology polygon shapefile of the geological map, and using the “Selection by Attributes” and 
“data export”, the shapefile for the formation (e.g., vpn - Panabako Sandstone Formation) was extracted 
from the geology polygon shapefile. This shapefile was used for the masking the Al2O3 grid (al2o3.pct) 
using the tool in ArcGIS (Spatial Analyst Tool/Extract by Mask) to create the grid “vpn- al2o3”. From the 
properties of this grid (vpn- al2o3), we could obtain the mean value. This value is representative of Al2O3 
analytics for this formation (vpn) in the Gambaga area. This step was repeated for the analyses of all 
selected elements of interest. A table was compiled and plots of stratigraphy and the mean values were 
made using Excel. The final map has been represented in (Figure 70).  
Geochemical analysis – Electronic Dump
Here the tables with the data of our samples shall be placed, as well as the description of the analytical 
methods.  
Geochemical properties of selected geo-tectonic units 
5.8.1 Epicratonic basin 
In the epicratonic basin, we can have the development of uranium deposits leached from the granites 
(there is a huge development of granites where there could be deposits of uranium) below the basin. 
There could also be deposition of diamonds in fluviatile sediments; we could also have the development 
of salt along the passive margin. There is also the possibility of oil and gas where there is a cap rock. 
Underlying the epicratonic basin, we have the intrusion of mafic dykes and layered intrusions of volcanic 





Twenty-eight (28) field samples were collected and were analysed for 65 elements; the main elemental 
concentrations of interest have been shown in the table below (Table 49) 
Table 48: Elemental concentrations in the Epicratonic area 
 
 
The results of the chemical analyses (Table 49) were normalised with the corresponding elemental 
abundances in different media (Table 50) to produce tables of normalised values (Table 51 andTable 52).  
This is done with the aim to assist in concluding on the possibility of finding mineralisation for the 
respective elements in the epicratonic area.   
Sample_Nos Rock_description Au(ppb) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
G2RK01 Limonite, Quartzite from fault 0,05 320 23 10 659 520 104 2,5 20
G2RK02 limonite vein in Quartzite 0,2 100 3 7 648 55 71 0,4 3
G2RK03 limonite veinlets (1 - 2 mm) in Quartzite 0,9 100 5 11 976 97 73 0,9 3
G2RK04 limonite/hematite nest in quartzite 2,8 70 13 9 831 107 74 1,7 10
G11RK1 Fe bearing sandstone from Voltaian base 0,3 170 14 15 871 71 140 1,0 7
G11RK2 siltstones from the voltaian base, above the sandstones 0,8 480 10 44 238 388 132 7,7 36
G16RK1 sandstones with Fe crusts, steep slope 0,05 690 8 11 760 245 3610 0,9 11
G78RK1 Ferruginous formations in sandstone 0,9 30 6 41 730 40 92 0,29 1
G78RK02 Ferruginous formations in sandstone 1,2 420 9 5 310 957 37 4,42 14
G78RK03 Ferruginous formations in sandstone 0,7 30 7 45 910 32 75 0,27 4
G12RK1 sandstone with small brown dots 0,3 70 7 9 917 50 117 0,5 7
G12RK2 black sandstone 0,2 90 3 8 570 147 341 0,7 7
G12RK3 hard sandstone with iron "rings" 0,05 350 4 9 572 206 4890 0,7 7
G13RK1 black to dark brown sandstones, with some laterites 0,05 130 6 8 565 179 641 1,9 15
G22RK1 siliceous sandstones with black layers 0,05 200 12 16 611 60 1030 1,7 8
G29RK2 Iron crusts from sandstone 0,2 100 24 268 1765 163 381 3,0 13
G29RK3 Breccia filling in the sandstone 1,1 90 39 17 579 288 130 5,0 32
G31RK1 black sandstone, upper Voltaian 0,1 6290 48 25 560 105 27600 7,4 722
G38RK1 Limestone, layered 0,05 6290 21 5 14 5 823 5,0 2
G38RK2 dark crusts in the limestones 0,05 2680 9 19 22 18 2930 3,9 11
G140RK1 laterite 0,7 30 56 9 600 285 121 6,76 25
G141RK1 laterite 0,4 40 22 20 350 410 140 7,43 25
G141RK2 sandstone with Mn-dendrites 0,2 3240 11 14 910 49 19700 0,68 148
G142RK1 sandstone with black impregnation 0,6 20000 948 34 790 123 64100 11,85 66
G143RK1 quartzitic sandstone with limonitic material from fault zones 0,1 1100 257 14 650 96 3030 7,14 10
G146RK1 limestone with markasite 0,05 523 37 28 50 13 1520 0,42 19
G146RK2 limestone with chalcopyrite 0,05 4900 76 44 270 9 1040 0,33 27
G146RK3 limestone with bitumen










(ppm) Medium Author(s)/year Element
Concentration
(ppm) Medium Author(s)/year Element
Concentration
(ppm) Medium Author(s)/year
71 Earth's continental crust Reeves & Brooks (1978) 425 Earth's continental crust Taylor (1964), & Mielke( 1979) 55 Earth's continental crust Taylor (1964)
100 Taylor (1964) 600 Reeves & Brooks (1978) 60 Reeves & Brooks (1978)
102 Mielke (1979) 640 Hawkes & Webb (1962) 60 Mielke (1979)
1600 ultramafic rocks Mielke (1979) 0,013 Ocean waters 87 Mielke (1979)
2000 Levinson (1974) felsic rocks: 100 Taylor (1964)
2980 Wedepohl (1978) 1600 syenite Mielke (1979) 10 ultramafic rocks Mielke (1979) & Levinson (1974)
170 basaltic rocks (mafic) Mielke (1979) 600 granite Taylor (1964) felsic rocks:
200 Taylor (1964) 500 granodiorite Levinson (1974) 30 granodiorite Levinson (1974)
felsic rocks: 250-330 basaltic rocks (mafic) Taylor (1964) & Mielke (1979) 10 granite Taylor (1964)
20 granodiorite Levinson (1974) 0,4 - 2 ultramafic rocks Mielke (1979) & Levinson (1974) 5 syenite Mielke (1979)
4 granite Taylor (1964) sediments: Sediments:
2 syenite Mielke (1979) 2300 clays Mielke (1979) 250 clays Mielke (1979)
sedimentary rocks: 580 - 700 shales Mielke (1979) & Levinson (1974) 45 shales Mielke (1979)
100 shales Reeves & Brooks (1978) 100 -500 sandstones 10 sandstone Levinson (1974)
35 sandstone Mielke (1979) 100 limestones 15 limestone Levinson (1974)
11 limestone Mielke (1979) 500, 100 - 3000 Soils: (average abundance) Levinson (1974) 20, 2-100 Soils: (average abundance) Levinson (1974)
20, 5-1000 Soils: (average abundanceLevinson (1974) 950 Taylor (1964) & Mielke (1979) 12,5 Earth's continental crust Taylor (1964)
75 Taylor (1964) 1000 Reeves & Brooks (1978) 14 Mielke (1979) , Reeves & Brooks (1978)
75 Reeves & Brooks (1978) 1620 ultramafic rocks Mielke (1979) felsic rocks:
84 Mielke (1979) 1500 basaltic rocks (mafic) Mielke (1979) 15 granodiorite Levinson (1974)
2000 ultramafic rocks Mielke (1979) felsic rocks: 20 granite Taylor (1964)
130 basaltic rocks (mafic) Mielke (1979) 1200 granodiorite Levinson (1974) 12 syenite Mielke (1979)
150 Taylor (1964) 400 granite Taylor (1964) 5 Taylor (1964)
felsic rocks: 850 syenite Mielke (1979) 6 Mielke (1979)
4 syenite Mielke (1979) sediments: 0,1 Levinson (1974)
0,5 granite Taylor (1964) 6700 clays 1 Mielke (1979)
20 granodiorite Levinson (1974) 850 shales sediments:
sediments: 1100 limestones 80 clays
225 clays 850 Soils: (average abundance) Levinson (1974) 20 shales
68 shales 2,7 Earth's continental crust Taylor (1964) & Mielke (1979) 9 limestone
20 limestone 0,001 ultramafic rocks Mielke (1979) 7 sandstone
2 sandstone 1 basaltic rocks (mafic) Mielke (1979) 30, 1-888 Soils: (average abundance) Bowen (1980)
30, 5-500 Soils: (average abundanceLevinson (1974) felsic rocks:
0,004 Taylor (1964) & Mielke, 1979) 3,0 granodiorite & syenite Levinson (1974) & Mielke (1979)
0,005 Reeves & Brooks (1978) 3,0; 4,8 granite Mielke (1979) ; Taylor (1964)
0,006 ultramafic rocks Mielke (1979) sediments:
Mielke (1979) 1,3 clays Mielke (1979)
Taylor (1964), Levinson (1974) 3,7 shales Mielke (1979)
felsic rocks: Mielke (1979) 2,2 limestones Mielke (1979)
granite Taylor (1964) 0,45 sandstones Mielke (1979)





0,001 Soils: (average abundanceLevinson (1974)
ultramafic rocks
























Table 50: Normalized values of elemental concentrations with its abundances in the generic rock types 
 




The elemental concentrations were normalized with abundance from the respective media (generic rock 
types and also continental earth crust) in Table 51 and Table 52. The results of the normalization with 
respect to the generic rock type were presented in (Table 51). The conclusions were as follows: 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
Abundances for limestone (ppm) 0,007 100 15 20 11 230 1100 2,2 9
G38RK1 Limestone, layered 0,00714 62,9 1,4 0,25 1,27273 0,02217 0,74818 2,2522 0,22222
G146RK1 limestone with markasite 0,00714 5,23 2,46667 1,4 4,54545 0,05652 1,38182 0,19091 2,11111
G146RK2 limestone with chalcopyrite 0,00714 49 5,06667 2,2 24,5455 0,03913 0,94545 0,15 3
G147RK1 laterite (on top of limestone) 0,02857 1,2 2,06667 0,75 42,3636 1,76522 0,13636 2,83182 2,33333
G38RK2 dark crusts in the limestones 0,00714 26,8 0,6 0,95 2 0,07761 2,66364 1,75724 1,22222
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mn(ppm)U(ppm) Pb(ppm)
Abundances for 
sandstone(ppm) 0,03 300 10 2 35 230 850 0,45 7
G2RK01 Limonite, Quartzite from fault 0,00167 1,06667 2,3 5 18,8286 2,26174 0,12235 5,61016 2,85714
G2RK02 limonite vein in Quartzite 0,00667 0,33333 0,3 3,5 18,5143 0,24022 0,08353 0,93662 0,42857
G2RK03 limonite veinlets (1 - 2 mm) in Quartzite 0,03 0,33333 0,5 5,5 27,8857 0,4213 0,08588 2,0893 0,42857
G2RK04 limonite/hematite nest in quartzite 0,09333 0,23333 1,3 4,5 23,7429 0,46565 0,08706 3,82692 1,42857
G11RK1 Fe bearing sandstone from Voltaian base 0,01 0,56667 1,4 7,5 24,8857 0,30674 0,16471 2,2607 1
G11RK2 siltstones from the voltaian base, above the sandstones 0,02667 1,6 1 22 6,8 1,68522 0,15529 17,1656 5,14286
G16RK1 sandstones with Fe crusts, steep slope 0,00167 2,3 0,8 5,5 21,7143 1,06435 4,24706 1,89516 1,57143
G78RK1 Ferruginous formations in sandstone 0,03 0,1 0,6 20,5 20,8571 0,17391 0,10824 0,64444 0,14286
G78RK02 Ferruginous formations in sandstone 0,04 1,4 0,9 2,5 8,85714 4,16087 0,04353 9,82222 2
G78RK03 Ferruginous formations in sandstone 0,02333 0,1 0,7 22,5 26 0,13913 0,08824 0,6 0,57143
G12RK1 sandstone with small brown dots 0,01 0,23333 0,7 4,5 26,2 0,21804 0,13765 1,21711 1
G12RK2 black sandstone 0,00667 0,3 0,3 4 16,2857 0,63935 0,40118 1,63192 1
G12RK3 hard sandstone with iron "rings" 0,00167 1,16667 0,4 4,5 16,3429 0,89435 5,75294 1,46464 1
G13RK1 black to dark brown sandstones, with some laterites 0,00167 0,43333 0,6 4 16,1429 0,77978 0,75412 4,18964 2,14286
G22RK1 siliceous sandstones with black layers 0,00167 0,66667 1,2 8 17,4571 0,2587 1,21176 3,74244 1,14286
G29RK2 Iron crusts from sandstone 0,00667 0,33333 2,4 134 50,4286 0,70957 0,44824 6,68475 1,85714
G29RK3 Breccia filling in the sandstone 0,03667 0,3 3,9 8,5 16,5429 1,25283 0,15294 11,1693 4,57143
G31RK1 black sandstone, upper Voltaian 0,00333 20,9667 4,8 12,5 16 0,45826 32,4706 16,4508 103,143
G140RK1 laterite 0,02333 0,1 5,6 4,5 17,1429 1,23913 0,14235 15,0222 3,57143
G141RK1 laterite 0,01333 0,13333 2,2 10 10 1,78261 0,16471 16,5111 3,57143
G141RK2 sandstone with Mn-dendrites 0,00667 10,8 1,1 7 26 0,21304 23,1765 1,51111 21,1429
G142RK1 sandstone with black impregnation 0,02 66,6667 94,8 17 22,5714 0,53478 75,4118 26,3333 9,42857
G143RK1 quartzitic sandstone with limonitic material from fault zones 0,00333 3,66667 25,7 7 18,5714 0,41739 3,56471 15,8667 1,42857
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
Abundances in earth's 
continental crust (ppm) 0,005 555 58 78 226 230 975 2,7 13
G2RK01 Limonite, Quartzite from fault 0,01 0,57658 0,39655 0,12821 2,91593 2,26174 0,10667 0,93503 1,53846
G2RK02 limonite vein in Quartzite 0,04 0,18018 0,05172 0,08974 2,86726 0,24022 0,07282 0,1561 0,23077
G2RK03 limonite veinlets (1 - 2 mm) in Quartzite 0,18 0,18018 0,08621 0,14103 4,31858 0,4213 0,07487 0,34822 0,23077
G2RK04 limonite/hematite nest in quartzite 0,56 0,12613 0,22414 0,11538 3,67699 0,46565 0,0759 0,63782 0,76923
G11RK1 Fe bearing sandstone from Voltaian base 0,06 0,30631 0,24138 0,19231 3,85398 0,30674 0,14359 0,37678 0,53846
G11RK2 siltstones from the voltaian base, above the sandstones 0,16 0,86486 0,17241 0,5641 1,0531 1,68522 0,13538 2,86093 2,76923
G16RK1 sandstones with Fe crusts, steep slope 0,01 1,24324 0,13793 0,14103 3,36283 1,06435 3,70256 0,31586 0,84615
G78RK1 Ferruginous formations in sandstone 0,18 0,05405 0,10345 0,52564 3,23009 0,17391 0,09436 0,10741 0,07692
G78RK02 Ferruginous formations in sandstone 0,24 0,75676 0,15517 0,0641 1,37168 4,16087 0,03795 1,63704 1,07692
G78RK03 Ferruginous formations in sandstone 0,14 0,05405 0,12069 0,57692 4,02655 0,13913 0,07692 0,1 0,30769
G12RK1 sandstone with small brown dots 0,06 0,12613 0,12069 0,11538 4,05752 0,21804 0,12 0,20285 0,53846
G12RK2 black sandstone 0,04 0,16216 0,05172 0,10256 2,52212 0,63935 0,34974 0,27199 0,53846
G12RK3 hard sandstone with iron "rings" 0,01 0,63063 0,06897 0,11538 2,53097 0,89435 5,01538 0,24411 0,53846
G13RK1 black to dark brown sandstones, with some laterites 0,01 0,23423 0,10345 0,10256 2,5 0,77978 0,65744 0,69827 1,15385
G22RK1 siliceous sandstones with black layers 0,01 0,36036 0,2069 0,20513 2,70354 0,2587 1,05641 0,62374 0,61538
G29RK2 Iron crusts from sandstone 0,04 0,18018 0,41379 3,4359 7,80973 0,70957 0,39077 1,11413 1
G29RK3 Breccia filling in the sandstone 0,22 0,16216 0,67241 0,21795 2,56195 1,25283 0,13333 1,86155 2,46154
G31RK1 black sandstone, upper Voltaian 0,02 11,3333 0,82759 0,32051 2,47788 0,45826 28,3077 2,74181 55,5385
G38RK1 Limestone, layered 0,01 11,3333 0,36207 0,0641 0,06195 0,02217 0,8441 1,83513 0,15385
G38RK2 dark crusts in the limestones 0,01 4,82883 0,15517 0,24359 0,09735 0,07761 3,00513 1,43183 0,84615
G140RK1 laterite 0,14 0,05405 0,96552 0,11538 2,65487 1,23913 0,1241 2,5037 1,92308
G141RK1 laterite 0,08 0,07207 0,37931 0,25641 1,54867 1,78261 0,14359 2,75185 1,92308
G141RK2 sandstone with Mn-dendrites 0,04 5,83784 0,18966 0,17949 4,02655 0,21304 20,2051 0,25185 11,3846
G142RK1 sandstone with black impregnation 0,12 36,036 16,3448 0,4359 3,49558 0,53478 65,7436 4,38889 5,07692
G143RK1 quartzitic sandstone with limonitic material from fault zones 0,02 1,98198 4,43103 0,17949 2,87611 0,41739 3,10769 2,64444 0,76923
G146RK1 limestone with markasite 0,01 0,94234 0,63793 0,35897 0,22124 0,05652 1,55897 0,15556 1,46154
G146RK2 limestone with chalcopyrite 0,01 8,82883 1,31034 0,5641 1,19469 0,03913 1,06667 0,12222 2,07692





i. Gold (Au) - There was depletion in Au concentration in all the samples.  
ii. Barium (Ba) - In 50% of the samples, there was an enrichment of Ba in the range (1< Ba ≤ 66.7) 
times. The maximum enrichment of 66.7 times was in sample (G142RK1) and the minimum of 
1.2 was in sample G147RK1  
iii. Copper (Cu) - In approximately 61% of the samples, there was an enrichment of Cu in the range 
(1< Cu ≤ 94.8) times. The maximum enrichment of 94.8 times was in sample (G142RK1) and the 
minimum of 1.0 was in sample G11RK2. 
iv. Nickel (Ni) – In 89% of the samples, there was an enrichment of Ni in the range (1< Ni ≤ 134) 
times. The maximum enrichment of 134 times was in sample (G29RK2) and the minimum of 1.4 
was in sample G146RK1. 
v. Chromium (Cr) – In all the samples, there was an enrichment of Cr in the range (1< Cr ≤ 50.4) 
times. The maximum enrichment of 50.4 times was in sample (G29RK2) and the minimum of 1.3 
was in sample G38RK1. 
vi. Manganese (Mn) – In 32% of the samples there was an enrichment of Mn in the range (1< Mn ≤ 
32.47) times. The maximum enrichment of 32.47 times was in sample (G31RK1) and the 
minimum enrichment of 1,21  was in sample (G22RK1). 
vii. Uranium (U) – In 86% of the samples there was an enrichment of U in the range (1< U ≤ 26.33) 
times. The maximum enrichment of 26,33 times was in sample (G142RK1) and the minimum 
enrichment of 1.22 was in sample (G12RK1). 
viii. Lead (Pb) – In 82% of the samples there was an enrichment of Pb in the range (1 ≤ Pb ≤ 103) 
times. The maximum enrichment of 103 times was in sample (G31RK1) and the minimum 
enrichment of 1.0  were in samples (G12RK1, G12RK2, G12RK3, and G11RK1). 
 
The normalization with respect to the continental earth crust presented in (Table 52) gave the following 
results: 
i. Gold (Au) - There was depletion in Au concentration in all the samples.  
ii. Barium (Ba) – In 29% of the samples, there was an enrichment of Ba in the range (1< Ba ≤ 36) 
times. The maximum enrichment of 36 times was in sample (G142RK1) and the minimum of 1,2 
was in sample G16RK1. 
iii. Copper (Cu) - In approximately 11% of the samples, there was an enrichment of Cu in the range 
(1< Cu ≤ 16,3) times. The maximum enrichment of 16,3 times was in sample (G142RK1) and the 
minimum of 1,3 was in sample G146RK2. 
iv. Nickel (Ni) – There was depletion in Ni in all the samples. 
v. Chromium (Cr) - In 89% of the samples, there was an enrichment of Cr in the range (1< Cr ≤ 7,8)  
times. The maximum enrichment of 7,8 times was in sample (G29RK2) and the minimum of 1,05 
was in sample G11RK2. 
vi. Zirconium (Zr) – In 29% of the samples there was an enrichment of Zr in the range (1< Zr ≤ 4,16) 
times. The maximum enrichment of 4,16 times was in sample (G78RK02) and the minimum of 
1,06 was in sample G16RK1. 
vii. Manganese (Mn) – In 36% of the samples there was an enrichment of Mn in the range (1< Mn ≤ 
65,74) times. The maximum enrichment of 65,74 times was in sample (G142RK1) and the 





viii. Uranium (U) – In 43% of the samples there was an enrichment of U in the range (1< U ≤ 4,39) 
times. The maximum enrichment of 4,39 times was in sample (G142RK1) and the minimum 
enrichment of 1,11 was in sample (G29RK2). 
ix. Lead (Pb) – In 50 % of the samples there was an enrichment of Pb in the range (1 ≤ Pb ≤ 55,54) 
times. The maximum enrichment of 55,54 times was in sample (G31RK1) and the minimum 
enrichment of 1,0 was in sample (G29RK2). 
5.8.1.1 Conclusion of elemental concentrations in the epicratonic 
basin 
Based on the findings, summarised in (Table 53), a conclusion can be made that there is the possibility of 
finding mineralization for barium (Ba), copper (Cu), nickel (Ni), chromium (Cr), zirconium (Zr), 
manganese (Mn), uranium (U) and lead (Pb) in the  epicratonic sediments of the Volta basin. The source 
of the mineralisation may have come from the greenstone belt in the basement below which might have 
been remobilized through hydrothermal processes into the sediments.  However, the note of caution is 
that the focus of the sampling was directed toward finding mineralisation in the various samples. For 
example, the sample G142RK1 is described as “sandstone with black impregnation”, in other words, this 
may not be pure sandstone but the conclusion have been based on a comparison with of abundances of 
uranium in sandstone (Table 51) and in the earth crust (Table 52). This may introduce some degree of 
uncertainty in the findings (Table 53).   
 
Table 52: Percentage of samples with enrichment in normalized respective media 
 
 
5.8.2 Foreland Basin 
Our model of geotectonic development of the Pan-African Volta basin (Figure 103), we have two 
foreland basins:  
i. Folded foreland to the west of the thrust sheets 
ii. And a younger orogenic foreland basin in the central part of the basin 
 
 
5.8.2.1  Folded foreland basin 
In this folded foreland basin (please refer to section 1.5.2.3, Figure 100). In this area, we can expect 
placer deposits of gold, wolfram (W), lead (Pb), copper (Cu), and zinc (Zn) which comes from the 
Dahomeyide orogeny in the east. 
Summary of percentage of samples with enrichment in respective media (Epicratonic)
Au(%) Ba(%) Cu(%) Ni(%) Cr (%) Zr Mn(%) U(%) Pb(%)
generic rock types 0 50 61 89 100 * 32 86 82
earth's continental 







Figure 100: Folded foreland basin 
 
Field Observations and Laboratory Analyses 
Twenty-one (21) samples were collected in this area and were analysed for 65 elements (Au, SiO2, 
Al2O3,  CaO, Cr2O3, Fe2O3, K2O, MgO, MnO, Na2O, P2O5, TiO2, Bi, Ba, Ce, Dy, Er, Eu, Ga, Gd, Hf, Ho, La, 
Lu, Nb, Nd, Pr, Rb, Sc, Sm, Sn, Sr, Ta, Tb, Th, Tm, U,V, W, Y, Yb, Zr, As, Be, Ca, Co, Cr, Cu, K, Mg, Mn, Mo, 
Na, Ni, P, Pb, Ti, Zn, Li, Tl, Cs, SrO, BaO, Pt, and Pd).  
The normalised values of the results of laboratory analyses for selected elements with respect to the 





Table 53: Normalized values of elemental concentrations with its abundances in the generic rock types 
(folded foreland basin) 
 
 
Results of normalization – generic rock types (folded foreland basin)  
The normalization with respect to the generic rock types (Table 54) gave the following results: 
i. Gold (Au) – All the samples, were depleted in Au. 
ii. Barium (Ba) - In 81% of the samples, there was enrichment in Ba in the range (1< Ba ≤ 7,3). The 
maximum enrichment of 7,3 times was in sample (G134RK1) and the minimum of 1,15 was in 
sample (G133S1) 
iii. Copper (Cu) - In 90% of the samples, there was enrichment in Cu in the range (1< Cu ≤ 6,1). The 
maximum enrichment of 6,1 times was in sample (G137S1) and the minimum of 1,2 was in 
sample (G55RK1) 
iv. Nickel (Ni) - In all, the samples there was enrichment in Ni in the range (1< Ni ≤ 1625). The 
maximum enrichment of 1625 times was in sample (G55RK1) and the minimum of 2 was in 
sample (G138S1) 
v. Chromium (Cr) - In all, the samples there was enrichment in Cr in the range (1< Cr ≤ 56,3). The 
maximum enrichment of 56,3 times was in sample (G115RK1) and the minimum of 2,3 was in 
sample (G134RK1) 
vi. Manganese (Mn) - In 76% of the samples there was enrichment in Mn in the range (1< Mn ≤ 
8,9). The maximum enrichment of 8,9 times was in sample (G134RK1) and the minimum of 2,2 
was in sample (G134S1) 
vii. Uranium (U) - In 90% of the samples there was enrichment in U in the range (1< U ≤ 13,9). The 
maximum enrichment of 13,9 times was in sample (G131RK1) and the minimum of 2,5 was in 
sample (G138S1) 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Mn(ppm)U(ppm) Pb(ppm)
Abundances for 
sandstone (ppm) 0,03 300 10 2 35 850 0,45 7
G44RK2 silificated layer in mudstones 0,00667 2,33333 2,5 13,5 4,82857 2,76471 3,56203 4,14286
G45RK1 limonite from conglomerate 0,00167 1,66667 2,3 11 17,8857 5,04706 8,29461 10,5714
G47RK1 mudstone with some small faults (cracks) 0,00167 1,73333 3,2 18 6,2 0,70588 5,46155 2,57143
G130RK1 laterite 0,01667 2,53333 4,6 15,5 9,14286 5,22353 10,8222 6,14286
G131RK1 Laterite 0,01 4,86667 4,6 5 3,42857 8,41176 13,9333 10
G132S1 soil, 30 cm deep 0,00667 1,3 4,3 19 5,14286 3,38824 4,93333 10,7143
G132RK1 rock chips from the surface 0,00333 1,73333 5,2 22 5,14286 5,22353 4,95556 14,7143
G133S1 solid, 30 cm deep, weathered shale and sandstone 0,00667 1,1 3 17,5 3,71429 2,35294 4,8 7,71429
G134S1 soil, 30 cm deep 0,00667 1,2 2,8 13,5 3,14286 2,17647 4,66667 5,42857
G134RK1 rock chips from the surface 0,00333 7,3 3,3 35 2,28571 8,87059 6,93333 12,2857
G135S1 soil, 30 cm deep 0,00333 1,2 3,8 15,5 3,42857 4,74118 4,75556 9,71429
G135RK1 rock chips from the surface 0,00333 1,13333 4 15,5 3,71429 5,03529 4,95556 12,8571
G136S1 soil, 30 cm deep 0,00333 1,43333 4,5 22 6 3,72941 5,44444 9,71429
G136RK1 rock chips from the surface 0,00667 1,6 4,8 26 3,71429 6,10588 6 14,7143
G137S1 soil, 30 cm deep 0,00333 1,66667 6,1 25 7,14286 3,85882 10,2 12,7143
G138S1 soil, 30 cm deep 0,00167 0,56667 0,5 2 0,85714 0,49294 2,46667 1
G138RK1 rock chips from the surface 0,01333 1,63333 3,1 16,5 24,8571 3,28235 5,04444 12,2857
G139RK1
Laterite, taken from a gravel bank in the river 
sediments, between two silt layers 0,01333 2,9 5,1 18 12,5714 5,62353 6,55556 9,42857
G55RK1 gossan with qu-veins 0,00333 0,03333 1,2 1625 44,4286 0,57647 0,32805 0,28571
G115RK1 chert 0,03 0,03333 0,8 51,5 56,2857 0,17059 0,4 0,28571





viii. Lead (Pb) - In 90% of the samples there was enrichment in Pb in the range (1≤ Pb ≤ 14,7). The 
maximum enrichment of 14,7 times was in sample (G136RK1) and the minimum of 1 was in 
sample (G138S1) 
 
Table 54: Normalized values of elemental concentrations with its abundances in the earth’s continental 
crust (folded foreland basin) 
 
Results of normalization - earth’s continental crust (folded foreland basin) 
The normalization with respect to the earth’s continental crust (Table 55) produced the following 
results: 
i. Gold (Au) – All the samples, were depleted in Au. 
ii. Barium (Ba) - In 23% of the samples, there was enrichment in Ba in the range (1< Ba ≤ 3,9). The   
maximum enrichment of 3,9 times was in sample (G134RK1) and the minimum of 1,26 was in 
sample (G44RK2). 
iii. Copper (Cu) - In 4,7% of the samples, there was enrichment in Cu in the range (1< Cu ≤ 1,1). The   
maximum enrichment of 1,1 times was in sample (G134RK1)  
iv. Nickel (Ni) - In 9,5 % of the samples, there was enrichment in Ni in the range (1< Ni ≤ 41,7). The   
maximum enrichment of 41,7times was in sample (G55RK1) and the minimum of 1,32 was in 
sample (G115RK1). 
v. Chromium (Cr) - In 33 % of the samples, there was enrichment in Ni in the range (1< Cr ≤ 8,7). 
The   maximum enrichment of 8,7times was in sample (G115RK1) and the minimum of 1,1was in 
sample (G137S1). 
vi. Zirconium (Zr) - In 33 % of the samples, there was enrichment in Zr in the range (1≤ Zr ≤ 1,5). The   
maximum enrichment of 1,5 times was in sample (G134S1) and the minimum of 1,0 was in 
sample (G136S1). 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
Abundances in 
earth's continental 
crust (ppm) 0,005 555 58 78 226 230 975 2,7 13
G44RK2 silificated layer in mudstones 0,04 1,26126 0,43103 0,34615 0,74779 0,48783 2,41026 0,59367 2,23077
G45RK1 limonite from conglomerate 0,01 0,9009 0,39655 0,28205 2,76991 0,77978 4,4 1,38243 5,69231
G47RK1 mudstone with some small faults (cracks) 0,01 0,93694 0,55172 0,46154 0,96018 0,90913 0,61538 0,91026 1,38462
G130RK1 laterite 0,1 1,36937 0,7931 0,39744 1,41593 0,96087 4,55385 1,8037 3,30769
G131RK1 Laterite 0,06 2,63063 0,7931 0,12821 0,53097 1,44783 7,33333 2,32222 5,38462
G132S1 soil, 30 cm deep 0,04 0,7027 0,74138 0,48718 0,79646 1,06522 2,95385 0,82222 5,76923
G132RK1 rock chips from the surface 0,02 0,93694 0,89655 0,5641 0,79646 0,90435 4,55385 0,82593 7,92308
G133S1 solid, 30 cm deep, weathered shale and sandstone 0,04 0,59459 0,51724 0,44872 0,57522 1,12609 2,05128 0,8 4,15385
G134S1 soil, 30 cm deep 0,04 0,64865 0,48276 0,34615 0,48673 1,46957 1,89744 0,77778 2,92308
G134RK1 rock chips from the surface 0,02 3,94595 0,56897 0,89744 0,35398 0,74348 7,73333 1,15556 6,61538
G135S1 soil, 30 cm deep 0,02 0,64865 0,65517 0,39744 0,53097 1,06957 4,13333 0,79259 5,23077
G135RK1 rock chips from the surface 0,02 0,61261 0,68966 0,39744 0,57522 0,83043 4,38974 0,82593 6,92308
G136S1 soil, 30 cm deep 0,02 0,77477 0,77586 0,5641 0,9292 1,00435 3,25128 0,90741 5,23077
G136RK1 rock chips from the surface 0,04 0,86486 0,82759 0,66667 0,57522 0,81739 5,32308 1 7,92308
G137S1 soil, 30 cm deep 0,02 0,9009 1,05172 0,64103 1,10619 1,05217 3,3641 1,7 6,84615
G138S1 soil, 30 cm deep 0,01 0,30631 0,08621 0,05128 0,13274 1,4087 0,42974 0,41111 0,53846
G138RK1 rock chips from the surface 0,08 0,88288 0,53448 0,42308 3,84956 0,92174 2,86154 0,84074 6,61538
G139RK1
Laterite, taken from a gravel bank in the river 
sediments, between two silt layers 0,08 1,56757 0,87931 0,46154 1,9469 0,97391 4,90256 1,09259 5,07692
G55RK1 gossan with qu-veins 0,02 0,01802 0,2069 41,6667 6,88053 0,02957 0,50256 0,05468 0,15385
G115RK1 chert 0,18 0,01802 0,13793 1,32051 8,71681 0,14348 0,14872 0,06667 0,15385





vii. Manganese (Mn) - In 76 % of the samples, there was enrichment in Mn in the range (1< Mn ≤ 
7,7). The   maximum enrichment of 7,7 times was in sample (G134RK1) and the minimum of 1,9 
was in sample (G134S1). 
viii. Uranium (U) - In 38 % of the samples, there was enrichment in U in the range (1≤ U ≤ 2,3). The   
maximum enrichment of 2,3 times was in sample (G131RK1) and the minimum of 1,0 was in 
sample (G136RK1). 
ix. Lead (Pb) - In 86 % of the samples, there was enrichment in Pb in the range (1< Pb ≤ 7,9). The   
maximum enrichment of 7,9 times was in sample (G136RK1) and the minimum of 1,38 was in 
sample (G47RK1). 
5.8.2.1.1 Conclusion of elemental concentrations in the folded foreland basin  
Based on the findings, summarised in (Table 56), we can conclude that there is the possibility of finding 
mineralizations for  barium (Ba), copper (Cu), nickel (Ni), chromium (Cr), zirconium (Zr), manganese 
(Mn), uranium (U) and lead (Pb) in the  formations of the folded foreland basin. 
Table 55: Percentage of samples with enrichment in respective media (folded foreland basin) 
 
 
5.8.2.2  Sedimentary Orogenic Foreland basin 
In orogenic foreland basin (Figure 89), we can expect placer deposits of gold, fine grade gold in fluviatile 
sediments, placer deposits of diamonds, lead (Pb), copper (Cu), zinc (Zn) and maybe uranium (U) from 
the granites in the basement. In younger sediments or younger events, maybe we can have 
development of laterites which originate from other sources. 
Thirteen (13) field samples were collected which were analysed for 65 elements, normalised values of 
the results of laboratory analyses for selected elements with respect to the abundances in generic rock 








Summary of percentage of samples with enrichment in respective media (folded foreland)
Au(%) Ba(%) Cu(%) Ni(%) Cr (%) Zr Mn(%) U(%) Pb(%)
generic rock types 0 81 90 100 100 * 76 90 90
earth's continental 





Table 56: Normalized values of elemental concentrations with its abundances in the generic rock types 
(orogenic foreland basin) 
 
 
Results of normalization (generic rock types)  
The normalization with respect to the generic rock types (Table 57) produced the following results: 
i. Gold (Au) - There was depletion in Au concentration in all the samples.  
ii. Barium (Ba) - In 92% of the samples, there was enrichment in Ba in the range (1< Ba ≤ 13,0). The   
maximum enrichment of 13 times was in sample (G145RK1) and the minimum of 1,1 was in 
sample (G145RK5) 
iii. Copper (Cu) – In all the samples, there was enrichment in Cu in the range (1< Cu ≤ 10,2) The   
maximum enrichment of 10,2 times was in sample (G148RK1) and the minimum of 2,1 was in 
sample (G144RK1). 
iv. Nickel (Ni) – In all the samples, there was enrichment in Ni in the range (1< Ni ≤ 46) The   
maximum enrichment of 46 times was in sample (G148RK6) and the minimum of 6,0 was in 
sample (G144RK1). 
v. Chromium (Cr) - In all the samples, there was enrichment in Cr in the range (1< Cr ≤ 17,7) The   
maximum enrichment of 17,7 times was in sample (G148RK6) and the minimum of 3,4 was in 
sample (G144RK2). 
vi. Manganese (Mn) – In 77% of the samples, there was enrichment in Mn in the range (1< Mn ≤ 
20,6) The   maximum enrichment of 20,6 times was in sample (G145RK1) and the minimum of 
1,1 was in sample (G148RK6). 
vii. Uranium (U) – In all of the samples, there was enrichment in U in the range (1< U ≤ 11) The   
maximum enrichment of 11 times was in sample (G148RK1) and the minimum of 2,9 was in 
sample (G148RK4). 
viii. Lead (Pb) - In all of the samples, there was enrichment in Pb in the range (1< Pb ≤ 13) The   
maximum enrichment of 13 times was in sample (G148RK1) and the minimum of 1,4 was in 
sample (G23RK1). 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Mn(ppm)U(ppm) Pb(ppm)
Abundances for 
sandstone(ppm) 0,03 300 10 2 35 850 0,45 7
G23RK1
arkosic sandstone, pink, fine 
lm layers in this sandstone 0,00333 1,56667 2,8 19,5 10,7143 2,15294 3,20775 1,42857
G144RK1 shale reddish, brownish 0,00667 0,8 2,1 6 16,2857 1,24706 5,26667 3
G144RK2 laterite (from quartzitic gravel) 0,00333 1,63333 3,2 18 3,42857 0,56235 4,42222 3
G145RK1 laterite 0,00667 12,9667 4,8 25 6,57143 20,5882 10,4 10,7143
G148RK1 laterite (on top of sandstone) 0,00667 8,06667 10,2 23,5 7,94286 9,52941 11,1111 13,2857
G148RK2 sandstone 0,01 1,33333 2,4 40,5 15,4286 1,2 2,97778 1,71429
G148RK3 sandstone 0,01667 1,23333 2,7 26,5 14,5714 1,41176 2,93333 1,57143
G148RK4 sandstone 0,01 1,26667 2,4 40 16,2857 1,56471 2,88889 1,71429
G148RK5 sandstone 0,01 1,06667 2,9 24 10,8571 1,45882 4,13333 2,71429
G148RK6 sandstone 0,01667 1,2 2,7 46 17,7143 1,06353 3,2 2,28571
G148RK7 sandstone 0,00667 1,16667 2,5 32,5 15,1429 0,96941 2,68889 2
G148RK8 sandstone 0,01 1,23333 2,4 30,5 13,4286 0,93412 3,31111 2,28571





Table 57: Normalized values of elemental concentrations with its abundances in the earth’s continental 
crust (orogenic foreland basin) 
 
 Results of normalization (earth’s continental crust) 
The normalization with respect to the earth’s continental crust (Table 58) produced the following 
results:  
i. Gold (Au) - There was depletion in Au concentration in all the samples.  
ii. Barium (Ba) - In 15% of the samples, there was enrichment in Ba in the range (1< Ba ≤ 7,0). The   
maximum enrichment of 7 times was in sample (G145RK1) and the minimum of 4,4 was in 
sample (G148RK1) 
iii. Copper (Cu) - In 7,7% of the samples, there was enrichment in Cu in the range (1< Cu≤ 1,8). The   
enrichment of 1,8 times was in sample (G145RK1).  
iv. Nickel (Ni) – In 23% of the samples, there was enrichment in Ni in the range (1≤ Ni ≤ 1,2). The   
maximum enrichment of 1,2 times was in sample (G148RK2) and the minimum of 1,0 was in 
sample (G148RK4). 
v.  Chromium (Cr) - In 92% of the samples, there was enrichment in Cr in the range (1≤ Cr ≤ 2,7). 
The   maximum enrichment of 2,7 times was in sample (G148RK6) and the minimum of 1,0 was 
in sample (G145RK1). 
vi. Zirconium (Zr) – In 62% of the samples, there was enrichment in Zr in the range (1≤ Zr ≤ 1,3). The   
maximum enrichment of 1,3 times was in sample (G148RK9) and the minimum of 1,0 was in 
sample (G148RK3). 
vii. Manganese (Mn) - In 69% of the samples, there was enrichment in Mn in the range (1≤ Mn ≤ 
18). The   maximum enrichment of 18 times was in sample (G145RK1) and the minimum of 1,0 
was in sample (G148RK2). 
viii. Uranium (U) - In 15% of the samples, there was enrichment in U in the range (1< U ≤ 1,9). The   
maximum enrichment of 1,9 times was in sample (G148RK1) and the minimum of 1,7 was in 
sample (G145RK1). 
ix. Lead (Pb) - In 69% of the samples, there was enrichment in Pb in the range (1< Pb ≤ 7). The   
maximum enrichment of 7 times was in sample (G148RK1) and the minimum of 1,1 was in 
sample (G148RK7). 




(ppm) 0,005 555 58 78 226 230 975 2,7 13
G23RK1
arkosic sandstone, pink, fine 
lm layers in this sandstone 0,02 0,84685 0,48276 0,5 1,65929 0,96087 1,87692 0,53463 0,76923
G144RK1 shale reddish, brownish 0,04 0,43243 0,36207 0,15385 2,52212 1,19565 1,08718 0,87778 1,61538
G144RK2 laterite (from quartzitic gravel) 0,02 0,88288 0,55172 0,46154 0,53097 0,67826 0,49026 0,73704 1,61538
G145RK1 laterite 0,04 7,00901 0,82759 0,64103 1,0177 1,1 17,9487 1,73333 5,76923
G148RK1 laterite (on top of sandstone) 0,04 4,36036 1,75862 0,60256 1,23009 1 8,30769 1,85185 7,15385
G148RK2 sandstone 0,06 0,72072 0,41379 1,03846 2,38938 0,88261 1,04615 0,4963 0,92308
G148RK3 sandstone 0,1 0,66667 0,46552 0,67949 2,25664 1,03478 1,23077 0,48889 0,84615
G148RK4 sandstone 0,06 0,68468 0,41379 1,02564 2,52212 0,83478 1,3641 0,48148 0,92308
G148RK5 sandstone 0,06 0,57658 0,5 0,61538 1,68142 1,11739 1,27179 0,68889 1,46154
G148RK6 sandstone 0,1 0,64865 0,46552 1,17949 2,74336 1,1913 0,92718 0,53333 1,23077
G148RK7 sandstone 0,04 0,63063 0,43103 0,83333 2,34513 0,96957 0,84513 0,44815 1,07692
G148RK8 sandstone 0,06 0,66667 0,41379 0,78205 2,07965 1,08261 0,81436 0,55185 1,23077





5.8.2.2.1  Conclusion of elemental concentration in the orogenic foreland basin 
Based on the findings, summarised in (Table 59), we can conclude that there is the possibility of finding 
mineralization for  barium (Ba), copper (Cu), nickel (Ni), chromium (Cr), zirconium (Zr), manganese (Mn), 
uranium (U) and lead (Pb) in the  formations of the orogenic foreland basin. The source of this 
mineralization may have come from the Dahomeyide orogeny in the west. But in the case of the 
uranium, the enrichment may have resulted from hydrothermal fluids from the underlying granites in 
the basement rocks which may have enriched the sediments through hydrothermal and other processes.  
Table 58: Percentage of samples with enrichment in respective media (orogenic foreland basin) 
 
 
5.8.3 Thrusted continental margin 
The thrusted continental margin in our research area is the Buem Structural Unit (BSU) and Togo 
Structural Unit (TSU) which form the frontal thrusts units of the Dahomeyide orogenic belt. 
In the thrusted Buem, we observed a volcanic sedimentary sequence which could be related to volcanic-
hosted massive sulphide (VMS) deposits, and stockwork deposits among others. We may also find 
deposits which were originally deposited along the continental margin, which are thin-bedded iron ore 
deposits, the banded iron formation (BIF) type and volcanic hosted deposits. We can also have isolated 
thrusted chromites in the oceanic crust, all belonging to the thrusted type.  The volcanic hosted deposits 
maybe related to a limited volcanic activity which produces basaltic rocks, tuffs, and lavas etc. And 
connected or related to these volcanic rocks, we can have massive sulphide deposits, the type of black 
smoker formation along the continental margin where some hot brines rises up to the surface leaching 
many elements from the basaltic and the underlying continental margin rocks resulting in the 
enrichment of sulphides along this volcanic axis which are more or less parallel to the continental 
margin. We have observed slivers of ophiolite-like sequence in this area-basalts, gabbros, serpentinites, 
harzburgites, and peridotite complex.  We may there expect the enrichment of PGE and gold in the 
laterites under tropical weathering conditions. 
During our fieldwork, we observed in many places silicated or silicified volcanic rocks which have breccia 
and stockwork structures which indicate the many cross-cutting quartz veinlets with no visible sulphides 
at the surface. But we observed a lot of small holes, caves, cavities where the sulphides may have been 
leached out by weathering processes or later cool alteration processes. From what we have observed on 
the surface of the sample, we could expect hidden below the samples, a stockwork containing sulphides 
or even massive sulphides but up on till now, we don’t have any indication at the surface or maybe it 
may have been leached leaving behind the pure enriched gossan (Figure 101 andFigure 102) 
Summary of percentage of samples with enrichment in respective media (orogenic foreland)
Au(%) Ba(%) Cu(%) Ni(%) Cr (%) Zr Mn(%) U(%) Pb(%)
generic rock types 0 92 100 100 100 * 77 100 100
earth's continental 






Figure 101: Block of gossan 
 
Figure 102: Series of rock alteration: shale with hydrothermal quartz and limonite (left), shale almost 
silicified and with quartz veinlets (centre), and chert (right) 
Field Observations and Laboratory Analyses 
 Ninety-five (95) samples were collected in this area and were analysed for 65 elements (Au, SiO2, 





Lu, Nb, Nd, Pr, Rb, Sc, Sm, Sn, Sr, Ta, Tb, Th, Tm, U,V, W, Y, Yb, Zr, As, Be, Ca, Co, Cr, Cu, K, Mg, Mn, Mo, 
Na, Ni, P, Pb, Ti, Zn, Li, Tl, Cs, SrO, BaO, Pt, and Pd). 
Table 59: Normalized values of elemental concentrations with its abundances in the generic rock types 
(ultramafics) - thrusted continental margin basin 
 
Table 60: Normalized values of elemental concentrations with its abundances in the generic rock types 
(sandstone) - thrusted continental margin basin 
 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
Abundances for  
ultramafics (ppm) 0,006 1,2 10 2000 2193 230 1620 0,001 0,6
G50RK2 Serpentinite 0,00833 50 0,9 0,0615 0,70907 0,43609 0,33333 300,157 6,66667
G54RK1 pyroxenite 0,1 16,6667 0,6 1,595 0,87779 0,04698 0,66049 25 5
G111RK1 Bleached rock, redbrown, yellow, with cavities, 0,01667 58,3333 1,5 0,02 0,03648 0,49565 0,34259 1000 13,3333
G119RK1 serpentinite 0,13333 91,6667 0,6 0,7375 1,86959 0,03043 0,56296 25 1,66667
G120RK1 serpentinite 0,05 4,16667 1,9 1,165 1,15823 0,0087 0,47407 25 1,66667
G125RK1 magnesite from listvennite core zone 0,00833 4,16667 0,1 0,0785 0,05472 0,00435 0,38272 25 1,66667
G125RK2 gossans East of the magnesite 0,00833 16,6667 1,3 0,1925 0,2964 0,01739 0,50494 200 1,66667
G125RK3 gossans West of the magnesite, with Cu minerals 0,05 50 22,4 0,0755 0,31008 0,1087 0,49383 930 3,33333
Outcrop 1 RK1 Ultramafics 0,1 4,16667 0,7 1,065 1,11263 0,0087 0,23025 25 1,66667
Outcrop 3 RK1 Ultramafics (Gabbroic?) 0,15 8,33333 0,8 1,03 1,15823 0,00435 0,37593 25 10
Outcrop 6 RK2 Talc schist 1,83333 33,3333 14,3 0,7 1,52759 0,08261 0,85802 360 1,66667
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mn(ppm)U(ppm) Pb(ppm)
Abundances for sandstone(ppm) 0,03 300 10 2 35 230 850 0,45 7
G5RK1 Sandstone (pea-like) 0,02333 0,43333 0,4 5 17,2286 0,20696 1,10235 0,75995 0,71429
G5RK2 Limonite/hematite Ores (Awasu iron ore?) 0,04333 0,06667 2,4 17,5 11,4 1,62239 0,07765 5,8471 3,42857
G6RK1 thin lm/hm veinlets in quartzite 0,02667 1,03333 0,4 6 12,6 1,11239 0,18353 3,08041 2,28571
G48RK1 laterite and gossan 0,00167 0,36667 3,7 223 81,7143 0,82413 0,46353 8,54788 2,28571
G50RK1 gossan 0,04333 1,6 4 735 120 0,72065 4,11765 8,81666 2,71429
G50RK3 quartz veins 0,00667 0,16667 0,8 191,5 40,7143 0,15522 0,48235 0,46072 0,57143
G52RK1 quartz, massive grey, white, construction material 0,02667 0,36667 0,3 6,5 18,6286 0,38435 0,16941 0,9317 0,57143
G53RK1 gossan 0,00167 0,2 9,5 292 94,8571 0,26609 1,38824 0,63508 1,57143
G58RK1 gossan and BIF 0,00667 0,26667 0,7 99 55,7143 0,07022 0,69765 0,74676 0,42857
G117RK1 BIF, with quartz veins 0,00667 1 0,5 8 1,14286 0,11739 4,76471 1,64444 0,71429
G118RK1 chert, with quartz veins 0,00167 0,03333 0,6 183 33,7143 0,10435 0,19882 0,2 0,14286
G119RK3 chert, grey, white 0,00667 0,03333 0,9 88 60,2857 0,47391 0,23059 0,05556 0,14286
G121RK1 gossans, yellow-brownish limonite 0,03333 0,03333 14,2 299,5 158,286 0,25652 2,10588 3,44444 2,42857
G126RK1 quartz-aggregates from shale 0,00333 0,8 0,8 6,5 1,42857 0,03478 1,71765 0,2 1,57143
G127RK1 quartz-veins in quartzite, with some pyrite, limonite 0,02667 0,06667 1,6 8,5 1,14286 0,08261 0,41059 0,71111 0,28571
G127RK2 gossan material from inclusions in the quarztite 0,2 0,06667 8,9 23,5 4 0,27391 0,09294 1,73333 1,85714
G121RK2 ore mineral, black, metallic bright 0,00667 0,06667 0,05 655 571,429 0,00435 3,83529 0,05556 0,28571
G121RK3 gossans, massive, with quartz 0,00667 0,5 4,3 228 64,8571 0,25652 1,52941 1,55556 0,42857
G123RK1 sandstone breccia with gosaan material 0,03 0,26667 2,3 18,5 2,57143 0,33913 0,22 1,06667 1,85714
G128RK1 quartz-aggregates and veins from shale 0,00333 0,06667 0,2 3 0,57143 0,2087 0,38706 0,86667 0,57143
G59RK1 qu-Fe-rocks 0,01333 0,4 0,7 19 27,6 0,02784 0,72941 0,48873 0,28571
G59RK2 iron slag 0,00167 1,26667 1,2 6,5 10,2857 0,57283 4,43529 9,24284 1
G60RK1 qu and Fe rocks, BIF 0,00167 0,5 1 29 27,5143 0,27348 1,17647 0,90689 0,42857
G61RK1 gossan from village place 0,00333 0,73333 11,5 111,5 9,77143 0,22913 1,98824 2,31084 1,71429
G75RK01 metasedimentary rock 0,00667 0,63333 0,2 10,5 7,14286 11,9565 3,18824 20,0444 3,28571
G75RK02 metasedimentary rock 0,00667 0,63333 0,1 4,5 9,42857 13,2174 3,37647 19,6889 3,42857
G109RK1 gossans, massive haematite, with cavities with limonite 0,00167 0,26667 5,4 23,5 2,85714 0,36087 0,47059 2,68889 0,85714
G109RK2 chert, reddish, with quartz veins 0,00167 0,06667 0,4 6,5 0,85714 0,07391 0,25059 0,6 0,14286
G110RK1 Fe rich chert 0,01667 0,16667 3,3 49 1,14286 0,24348 0,37294 2,26667 1,85714
G112RK1 gossans 0,00167 0,66667 3,3 55 4 0,3913 1,43529 2,33333 1,28571
G113RK1 gossans 0,00667 0,23333 3,9 44,5 4,57143 0,22174 0,32118 3,4 0,14286
G114RK1 chert, reddish, with quartz veins 0,00167 0,06667 0,8 6 0,57143 0,03478 0,21294 0,6 0,28571
G65RK1 silificated conglomarate breccia, Voltaian base 0,00167 1,83333 1,4 14 16,0857 0,44348 0,82588 1,51309 0,71429
G71RK01 metasedimentary rock 0,00333 2,23333 0,2 8 8,28571 5,56522 2,24706 8,97778 1,42857
G99RK1 quartzite 0,00333 1,03333 0,5 2 1,42857 0,50435 0,22471 0,97778 1,28571
Outcrop 5 RK1 Quartzitic sandstone 0,21 0,5 0,1 1,5 0,85714 0,56522 0,07647 0,8 0,14286
Outcrop 6 RK1 Gossan 0,00167 0,03333 14,6 23 26,2857 0,03043 0,03882 0,22222 0,14286
Outcrop 7 RK1 Jasper 0,01667 0,06667 1,5 71,5 1,14286 0,23478 0,77059 0,68889 0,28571
Outcrop 7 RK2 Jasper 0,05333 0,16667 0,05 7,5 1,42857 0,14348 0,15059 0,05556 0,14286
Outcrop 8 RK1 Jasper (greyish black) 0,00333 0,03333 0,05 404,5 52,2857 0,06087 3,61176 0,53333 0,14286
G150RK1 quartz-veinlets in quartzite and siliceous shale 1,14667 0,46667 4,4 7 31,4286 0,34348 0,42 4,22222 2
G119RK2 shale with high Fe-content, reddish, heavy 0,03 0,53333 2,5 10 1,71429 0,41739 0,93765 1,8 2,14286
G122RK1 shale, light green, with limonite-quartz-bands 0,00167 0,23333 1 207 132 0,06522 0,59882 1,75556 0,14286
G150RK1 quartz-veinlets in quartzite and siliceous shale 1,14667 0,46667 4,4 7 31,4286 0,34348 0,42 4,22222 2





Table 61: Normalized values of elemental concentrations with its abundances in the generic rock types 
(basalts) - thrusted continental margin basin  
 
The results of the chemical analyses were normalised with the corresponding elemental abundances in 
different media (Table 50) to produce tables of normalised values (Table 60, Table 61, Table 62 and 
Table 63).  This is done with the aim to assist in concluding on the possibility of finding mineralisation for 
the respective elements in the thrusted continental margin. 
 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mn(ppm)U(ppm) Pb(ppm)
Abundances of basalts (ppm) 0,004 290 93 140 185 230 1500 1 5,5
G64RK1 silificated basaltic rock breccia 0,05 1,27586 0,09677 0,57857 1,21622 13,5409 2,36667 2,13056 4
G67RK01 Volcanoclastic sandstone 0,1 0,58621 0,04301 0,22143 2,97297 11,6522 2,09333 10,1 4,54545
G68RK01 Volcanoclastic sandstone 0,075 1,06897 0,00538 0,15714 1,45946 11,6957 2,20667 11,4 4,18182
G69RK02 Breccia 0,05 1,06897 0,02151 0,55 1,18919 12,0435 2,28667 10,5 4,36364
G70RK01 cataclastically deformed tuff (or tuffite) 0,05 0,82759 0,01075 0,19286 2,32432 11,6957 1,96 8,79 5,27273
G71RK01 metasedimentary rock 0,025 2,31034 0,02151 0,11429 1,56757 5,56522 1,27333 4,04 1,81818
G72RK01 Volcanoclastic sandstone 0,075 0,93103 0,21505 0,25714 0,21622 1,21739 1,09333 1,1 0,90909
G73RK01 Breccia 0,325 0,48276 0,90323 2,55 4,10811 0,66522 0,79333 0,53 0,90909
G73RK02 Breccia 0,15 0,37931 0,08602 0,38571 4,43243 0,76522 0,36867 0,4 0,18182
G74RK01 Breccia 0,2 0,58621 0,8172 2,67143 3,72973 0,64783 0,78667 0,53 0,36364
G76RK01 metabasalt? 0,175 2,96552 0,01075 0,05714 0,54054 5,47826 1,26667 4,05 1,81818
G77RK01 metabasalt? 0,025 1,86207 0,00538 0,06429 0,59459 1,7 1,27333 1,48 1,09091
G79RK1 trachyte 0,15 0,55172 0,04301 0,01429 0,05405 14,0435 2,65333 16,6 3,27273
G80RK1 trachyte 0,0125 0,51724 0,04301 0,01429 0,05405 13,2174 2,08 12,65 3,63636
G80RK2 trachyte 0,0125 0,58621 0,04301 0,00714 0,05405 12,3043 1,77333 9,04 3,27273
G81RK1 trachyte 0,0125 0,37931 0,05376 0,00357 0,02703 13,1304 1,53333 10,65 3,45455
G82RK1 trachyte 0,35 0,44828 0,06452 0,00357 0,02703 10,913 1,73333 8,39 2,72727
G83RK1 trachyte 0,025 0,48276 0,02151 0,01429 0,02703 10 2,18667 7,1 2,90909
G83RK2 phonolite 0,0125 1,06897 0,03226 0,02143 0,02703 11,8261 1,72667 8,81 2,90909
G84RK1 trachyte 0,0125 0,51724 0,04301 0,00357 0,02703 13,2174 1,59333 11,35 3,27273
G85RK1 trachyte 0,0125 1,17241 0,04301 0,00357 0,05405 12,1304 2,10667 6,97 3,09091
G86RK1 trachyandesite 0,0125 2,37931 0,02151 0,00357 0,02703 5,78261 1,27333 3,92 1,63636
G86RK2 trachyandesite 0,025 2,24138 0,06452 0,00357 0,02703 5,86957 1,13333 3,86 2,18182
G87RK1 trachyte 0,025 1,82759 0,05376 0,00357 0,05405 11,7826 1,82 9,26 2,90909
G87RK2 phonolite 0,725 0,65517 0,03226 0,01429 0,02703 11,1739 2,04667 8,07 2,90909
G87RK3 lava breccia, brownish reddish, strong silica, minor pyrite on fissures 0,0125 0,75862 0,03226 0,01429 0,05405 11,6957 1,98 8,94 3,09091
G88RK1 trachyte 0,0125 0,75862 0,02151 0,00714 0,05405 12,3478 2,08667 9,48 4,18182
G90RK1 metasomatic altered volcanic rock, many small rounded aggregates 0,025 0,68966 0,03226 0,00357 0,05405 7,17391 1,12667 4,44 1,63636
G91RK1 metasomatic altered volcanic rock, with epidote 0,15 1,75862 0,02151 0,00357 0,05405 6,08696 1,38667 4,17 1,45455
G92RK1 metasomatic altered volcanic lava breccia 0,1 1,68966 0,03226 0,00357 0,02703 5,43478 1,19333 3,89 1,81818
G93RK1 volcanic lava breccia with high silica alteration 0,1 1,2069 0,02151 0,00357 0,05405 6,52174 0,97333 4,08 1,45455
G94RK1 fine grained volcanic rock, highly altered, with quartz 0,075 1,24138 0,01075 0,00357 0,02703 6,91304 0,79333 4,37 1,09091
G95RK1 fine grained volcanic rock, highly altered, with quartz 0,05 0,65517 0,01075 0,00357 0,02703 6,65217 1,02 4,93 1,45455
G96RK1 fine grained volcanic rock, highly altered, with quartz 0,225 0,62069 0,02151 0,00357 0,02703 6,65217 1,20667 4,61 1,81818
G97RK1 highly quartzitic metasomatic altered volcanic breccia 0,0125 0,75862 0,02151 0,00357 0,02703 7,17391 1,38667 4,5 1,63636
G98RK1 basanite 0,0125 1,41379 0,23656 0,21429 0,16216 0,88696 0,76667 0,58 0,18182
G99RK2 dacite 0,0125 1,86207 0,02151 0,01429 0,05405 1,70435 0,46133 1,46 0,54545
G102RK1 basalt 0,1 0,31034 0,82796 2,22143 3,18919 1,34783 0,91333 0,96 0,36364
G104RK1 basanite 0,075 0,31034 0,21505 0,24286 0,27027 0,83478 0,652 0,58 0,18182




Table 62: Normalised values of Elemental concentrations of sediments and ultramafics with its 
abundances in the earth’s continental crust (thrusted continental margin) 
 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
Abundances in earth's 
continental crust (ppm) 0,005 555 58 78 226 230 975 2,7 13
G50RK2 Serpentinite 0,01 0,108108 0,155172 1,576923 6,880531 0,436087 0,553846 0,111169 0,307692
G54RK1 pyroxenite 0,12 0,036036 0,103448 40,89744 8,517699 0,046984 1,097436 0,009259 0,230769
G111RK1 Bleached rock, redbrown, yellow, with cavities, 0,02 0,126126 0,258621 0,512821 0,353982 0,495652 0,569231 0,37037 0,615385
G119RK1 serpentinite 0,16 0,198198 0,103448 18,91026 18,14159 0,030435 0,935385 0,009259 0,076923
G120RK1 serpentinite 0,06 0,009009 0,327586 29,87179 11,23894 0,008696 0,787692 0,009259 0,076923
G125RK1 magnesite from listvennite core zone 0,01 0,009009 0,017241 2,012821 0,530973 0,004348 0,635897 0,009259 0,076923
G125RK2 gossans East of the magnesite 0,01 0,036036 0,224138 4,935897 2,876106 0,017391 0,838974 0,074074 0,076923
G125RK3 gossans West of the magnesite, with Cu minerals 0,06 0,108108 3,862069 1,935897 3,00885 0,108696 0,820513 0,344444 0,153846
Outcrop 1 RK1 Ultramafics 0,12 0,009009 0,12069 27,30769 10,79646 0,008696 0,382564 0,009259 0,076923
Outcrop 3 RK1 Ultramafics (Gabbroic?) 0,18 0,018018 0,137931 26,41026 11,23894 0,004348 0,624615 0,009259 0,461538
Outcrop 6 RK2 Talc schist 2,2 0,072072 2,465517 17,94872 14,82301 0,082609 1,425641 0,133333 0,076923
G52RK1 quartz, massive grey, white, construction material 0,16 0,198198 0,051724 0,166667 2,884956 0,384348 0,147692 0,155283 0,307692
G53RK1 gossan 0,01 0,108108 1,637931 7,487179 14,69027 0,266087 1,210256 0,105846 0,846154
G58RK1 gossan and BIF 0,04 0,144144 0,12069 2,538462 8,628319 0,070217 0,608205 0,124461 0,230769
G117RK1 BIF, with quartz veins 0,04 0,540541 0,086207 0,205128 0,176991 0,117391 4,153846 0,274074 0,384615
G118RK1 chert, with quartz veins 0,01 0,018018 0,103448 4,692308 5,221239 0,104348 0,173333 0,033333 0,076923
G119RK3 chert, grey, white 0,04 0,018018 0,155172 2,25641 9,336283 0,473913 0,201026 0,009259 0,076923
G121RK1 gossans, yellow-brownish limonite 0,2 0,018018 2,448276 7,679487 24,51327 0,256522 1,835897 0,574074 1,307692
G126RK1 quartz-aggregates from shale 0,02 0,432432 0,137931 0,166667 0,221239 0,034783 1,497436 0,033333 0,846154
G127RK1 quartz-veins in quartzite, with some pyrite, limonite 0,16 0,036036 0,275862 0,217949 0,176991 0,082609 0,357949 0,118519 0,153846
G127RK2 gossan material from inclusions in the quarztite 1,2 0,036036 1,534483 0,602564 0,619469 0,273913 0,081026 0,288889 1
G121RK2 ore mineral, black, metallic bright 0,04 0,036036 0,008621 16,79487 88,49558 0,004348 3,34359 0,009259 0,153846
G121RK3 gossans, massive, with quartz 0,04 0,27027 0,741379 5,846154 10,04425 0,256522 1,333333 0,259259 0,230769
G123RK1 sandstone breccia with gosaan material 0,18 0,144144 0,396552 0,474359 0,39823 0,33913 0,191795 0,177778 1
G128RK1 quartz-aggregates and veins from shale 0,02 0,036036 0,034483 0,076923 0,088496 0,208696 0,337436 0,144444 0,307692
G59RK1 qu-Fe-rocks 0,08 0,216216 0,12069 0,487179 4,274336 0,027842 0,635897 0,081456 0,153846
G59RK2 iron slag 0,01 0,684685 0,206897 0,166667 1,59292 0,572826 3,866667 1,540473 0,538462
G60RK1 qu and Fe rocks, BIF 0,01 0,27027 0,172414 0,74359 4,261062 0,273478 1,025641 0,151148 0,230769
G61RK1 gossan from village place 0,02 0,396396 1,982759 2,858974 1,513274 0,22913 1,733333 0,385139 0,923077
G75RK01 metasedimentary rock 0,04 0,342342 0,034483 0,269231 1,106195 11,95652 2,779487 3,340741 1,769231
G75RK02 metasedimentary rock 0,04 0,342342 0,017241 0,115385 1,460177 13,21739 2,94359 3,281481 1,846154
G109RK1 gossans, massive haematite, with cavities with limonite 0,01 0,144144 0,931034 0,602564 0,442478 0,36087 0,410256 0,448148 0,461538
G109RK2 chert, reddish, with quartz veins 0,01 0,036036 0,068966 0,166667 0,132743 0,073913 0,218462 0,1 0,076923
G110RK1 Fe rich chert 0,1 0,09009 0,568966 1,25641 0,176991 0,243478 0,325128 0,377778 1
G112RK1 gossans 0,01 0,36036 0,568966 1,410256 0,619469 0,391304 1,251282 0,388889 0,692308
G113RK1 gossans 0,04 0,126126 0,672414 1,141026 0,707965 0,221739 0,28 0,566667 0,076923
G114RK1 chert, reddish, with quartz veins 0,01 0,036036 0,137931 0,153846 0,088496 0,034783 0,185641 0,1 0,153846
G65RK1 silificated conglomarate breccia, Voltaian base 0,01 0,990991 0,241379 0,358974 2,49115 0,443478 0,72 0,252182 0,384615
G71RK01 metasedimentary rock 0,02 1,207207 0,034483 0,205128 1,283186 5,565217 1,958974 1,496296 0,769231
G99RK1 quartzite 0,02 0,558559 0,086207 0,051282 0,221239 0,504348 0,195897 0,162963 0,692308
Outcrop 5 RK1 Quartzitic sandstone 1,26 0,27027 0,017241 0,038462 0,132743 0,565217 0,066667 0,133333 0,076923
Outcrop 6 RK1 Gossan 0,01 0,018018 2,517241 0,589744 4,070796 0,030435 0,033846 0,037037 0,076923
Outcrop 7 RK1 Jasper 0,1 0,036036 0,258621 1,833333 0,176991 0,234783 0,671795 0,114815 0,153846
Outcrop 7 RK2 Jasper 0,32 0,09009 0,008621 0,192308 0,221239 0,143478 0,131282 0,009259 0,076923
Outcrop 8 RK1 Jasper (greyish black) 0,02 0,018018 0,008621 10,37179 8,097345 0,06087 3,148718 0,088889 0,076923
G150RK1 quartz-veinlets in quartzite and siliceous shale 6,88 0,252252 0,758621 0,179487 4,867257 0,343478 0,366154 0,703704 1,076923
G119RK2 shale with high Fe-content, reddish, heavy 0,18 0,288288 0,431034 0,25641 0,265487 0,417391 0,817436 0,3 1,153846
G122RK1 shale, light green, with limonite-quartz-bands 0,01 0,126126 0,172414 5,307692 20,44248 0,065217 0,522051 0,292593 0,076923
G150RK1 quartz-veinlets in quartzite and siliceous shale 6,88 0,252252 0,758621 0,179487 4,867257 0,343478 0,366154 0,703704 1,076923




Table 63: Normalised values of Elemental concentrations of volcanic rocks with its abundances in the 
earth’s continental crust (thrusted continental margin) 
 
Results of normalization (generic rock types)  
The normalisation with respect to the generic rock types (Table 60, Table 61, and Table 62) gave the 
following results: 
i. Gold (Au) – In 3% of the samples, there was enrichment in Au in the range (1< Au ≤ 2,75). 
The maximum enrichment of 2,75 times was in sample (Outcrop 4 RK1) and the minimum of 1,15 
was in sample (G150RK1) 
ii. Barium (Ba) - In 37% of the samples, there was an enrichment of Ba in the range (1≤ Ba ≤ 
91,7) times. The maximum enrichment of 91,7 times was in sample (G119RK1) and the minimum of 
1,0 was in sample G117RK1.  
iii. Copper (Cu) - In 29% of the samples, there was an enrichment of Cu in the range (1≤ Cu ≤ 
22,4)  times. The maximum enrichment of 22,4 times was in sample (G125RK3) and the minimum of 
1,0 were in samples G60RK1 & G122RK1. 
iv. Nickel (Ni) – In 54% of the samples, there was an enrichment of Ni in the range (1< Ni ≤ 735) 
times. The maximum enrichment of 735 times was in sample (G50RK1) and the minimum of 1,03 
was in sample Outcrop 3 RK1. 
Au(ppm) Ba(ppm) Cu(ppm) Ni(ppm) Cr(ppm) Zr(ppm) Mnppm) U(ppm) Pb(ppm)
Abundances in 
earth's continental 
crust (ppm) 0,005 555 58 78 226 230 975 2,7 13
G64RK1 silificated basaltic rock breccia 0,04 0,666667 0,155172 1,038462 0,995575 13,54087 3,641026 4,340024 1,692308
G67RK01 Volcanoclastic sandstone 0,08 0,306306 0,068966 0,397436 2,433628 11,65217 3,220513 3,740741 1,923077
G68RK01 Volcanoclastic sandstone 0,06 0,558559 0,008621 0,282051 1,19469 11,69565 3,394872 4,222222 1,769231
G69RK02 Breccia 0,04 0,558559 0,034483 0,987179 0,973451 12,04348 3,517949 3,888889 1,846154
G70RK01 cataclastically deformed tuff (or tuffite) 0,04 0,432432 0,017241 0,346154 1,902655 11,69565 3,015385 3,255556 2,230769
G71RK01 metasedimentary rock 0,02 1,207207 0,034483 0,205128 1,283186 5,565217 1,958974 1,496296 0,769231
G72RK01 Volcanoclastic sandstone 0,06 0,486486 0,344828 0,461538 0,176991 1,217391 1,682051 0,407407 0,384615
G73RK01 Breccia 0,26 0,252252 1,448276 4,576923 3,362832 0,665217 1,220513 0,196296 0,384615
G73RK02 Breccia 0,12 0,198198 0,137931 0,692308 3,628319 0,765217 0,567179 0,148148 0,076923
G74RK01 Breccia 0,16 0,306306 1,310345 4,794872 3,053097 0,647826 1,210256 0,196296 0,153846
G76RK01 metabasalt? 0,14 1,54955 0,017241 0,102564 0,442478 5,478261 1,948718 1,5 0,769231
G77RK01 metabasalt? 0,02 0,972973 0,008621 0,115385 0,486726 1,7 1,958974 0,548148 0,461538
G79RK1 trachyte 0,12 0,288288 0,068966 0,025641 0,044248 14,04348 4,082051 6,148148 1,384615
G80RK1 trachyte 0,01 0,27027 0,068966 0,025641 0,044248 13,21739 3,2 4,685185 1,538462
G80RK2 trachyte 0,01 0,306306 0,068966 0,012821 0,044248 12,30435 2,728205 3,348148 1,384615
G81RK1 trachyte 0,01 0,198198 0,086207 0,00641 0,022124 13,13043 2,358974 3,944444 1,461538
G82RK1 trachyte 0,28 0,234234 0,103448 0,00641 0,022124 10,91304 2,666667 3,107407 1,153846
G83RK1 trachyte 0,02 0,252252 0,034483 0,025641 0,022124 10 3,364103 2,62963 1,230769
G83RK2 phonolite 0,01 0,558559 0,051724 0,038462 0,022124 11,82609 2,65641 3,262963 1,230769
G84RK1 trachyte 0,01 0,27027 0,068966 0,00641 0,022124 13,21739 2,451282 4,203704 1,384615
G85RK1 trachyte 0,01 0,612613 0,068966 0,00641 0,044248 12,13043 3,241026 2,581481 1,307692
G86RK1 trachyandesite 0,01 1,243243 0,034483 0,00641 0,022124 5,782609 1,958974 1,451852 0,692308
G86RK2 trachyandesite 0,02 1,171171 0,103448 0,00641 0,022124 5,869565 1,74359 1,42963 0,923077
G87RK1 trachyte 0,02 0,954955 0,086207 0,00641 0,044248 11,78261 2,8 3,42963 1,230769
G87RK2 phonolite 0,58 0,342342 0,051724 0,025641 0,022124 11,17391 3,148718 2,988889 1,230769
G87RK3 lava breccia, brownish reddish, strong silica, minor pyrite on fissures 0,01 0,396396 0,051724 0,025641 0,044248 11,69565 3,046154 3,311111 1,307692
G88RK1 trachyte 0,01 0,396396 0,034483 0,012821 0,044248 12,34783 3,210256 3,511111 1,769231
G90RK1 metasomatic altered volcanic rock, many small rounded aggregates 0,02 0,36036 0,051724 0,00641 0,044248 7,173913 1,733333 1,644444 0,692308
G91RK1 metasomatic altered volcanic rock, with epidote 0,12 0,918919 0,034483 0,00641 0,044248 6,086957 2,133333 1,544444 0,615385
G92RK1 metasomatic altered volcanic lava breccia 0,08 0,882883 0,051724 0,00641 0,022124 5,434783 1,835897 1,440741 0,769231
G93RK1 volcanic lava breccia with high silica alteration 0,08 0,630631 0,034483 0,00641 0,044248 6,521739 1,497436 1,511111 0,615385
G94RK1 fine grained volcanic rock, highly altered, with quartz 0,06 0,648649 0,017241 0,00641 0,022124 6,913043 1,220513 1,618519 0,461538
G95RK1 fine grained volcanic rock, highly altered, with quartz 0,04 0,342342 0,017241 0,00641 0,022124 6,652174 1,569231 1,825926 0,615385
G96RK1 fine grained volcanic rock, highly altered, with quartz 0,18 0,324324 0,034483 0,00641 0,022124 6,652174 1,85641 1,707407 0,769231
G97RK1 highly quartzitic metasomatic altered volcanic breccia 0,01 0,396396 0,034483 0,00641 0,022124 7,173913 2,133333 1,666667 0,692308
G98RK1 basanite 0,01 0,738739 0,37931 0,384615 0,132743 0,886957 1,179487 0,214815 0,076923
G99RK2 dacite 0,01 0,972973 0,034483 0,025641 0,044248 1,704348 0,709744 0,540741 0,230769
G102RK1 basalt 0,08 0,162162 1,327586 3,987179 2,610619 1,347826 1,405128 0,355556 0,153846
G104RK1 basanite 0,06 0,162162 0,344828 0,435897 0,221239 0,834783 1,003077 0,214815 0,076923




i. Chromium (Cr) – In 59% of the samples, there was an enrichment of Cr in the range (1< Cr ≤ 
571) times. The maximum enrichment of 571 times was in sample (G121RK2) and the 
minimum of 1,1 was in sample Outcrop 1RK1. 
ii. Manganese (Mn) – In 48% of the samples there was an enrichment of Mn in the range (1< 
Mn ≤ 4,8) times. The maximum enrichment of 4,8 times was in sample (G117RK1) and the 
minimum enrichment of 1,02  was in sample (G95RK1). 
iii. Uranium (U) – In 69% of the samples there was an enrichment of U in the range (1< U ≤ 
1000) times. The maximum enrichment of 1000 times was in sample (G111RK1) and the 
minimum enrichment of 1,07 was in sample (G123RK1)  
iv. Lead (Pb) – In 64% of the samples there was an enrichment of Pb in the range (1 ≤ Pb ≤ 13) 
times. The maximum enrichment of 13 times was in sample (G111RK1) and the minimum 
enrichment of 1,0  were in samples (G59RK2). 
Results of normalization (earth’s continental crust) 
The normalisation with respect to the earth’s continental crust (Table 63) gave the following results: 
i. Gold (Au) – In 5,2 % of the samples, there was enrichment in Au in the range (1< Au 
≤ 6,88) times. The maximum enrichment of 6,88 times was in sample (G150RK1) and 
the minimum of 1,20 was in sample (G127RK2) 
ii. Barium (Ba) - In 5,2 % of the samples, there was an enrichment of Ba in the range 
(1< Ba ≤ 1,55) times. The maximum enrichment of 1,55 times was in sample 
(G76RK01) and the minimum of 1,17 was in sample G86RK2. 
iii. Copper (Cu) - In 10,5% of the samples, there was an enrichment of Cu in the range 
(1≤ Cu ≤ 3,86)  times. The maximum enrichment of 3,86 times was in sample 
(G125RK3) and the minimum of 1,31 was in sample G74RK01. 
iv. Nickel (Ni) – In 31,6% of the samples, there was an enrichment of Ni in the range (1< 
Ni ≤ 41) times. The maximum enrichment of approx. 41 times was in sample 
(G54RK1) and the minimum of 1,04 was in sample G64RK1. 
v. Chromium (Cr) – In 46% of the samples, there was an enrichment of Cr in the range 
(1< Cr ≤ 88,5)  times. The maximum enrichment of 88,5 times was in sample 
(G121RK2) and the minimum of 1,1 was in sample G75RK01 
vi. Zirconium (Zr) – In 41% of the samples there was an enrichment of Zr in the range 
(1< Zr ≤ 14) times. The maximum enrichment of 14 times was in sample (G79RK1) 
and the minimum of 1,1 was in sample G6RK1. 
vii. Manganese (Mn) – In 57% of the samples there was an enrichment of Mn in the 
range (1≤ Mn ≤ 4,15) times. The maximum enrichment of 4,15 times was in sample 
(G117RK1) and the minimum enrichment of 1,0  was in sample (G104RK1). 
viii. Uranium (U) – In 38% of the samples there was an enrichment of U in the range (1< 
U ≤ 6,15) times. The maximum enrichment of 6,15 times was in sample (G79RK1) 
and the minimum enrichment of 1,42 was in sample (G48RK1) 
ix. Lead (Pb) – In 32% of the samples there was an enrichment of Pb in the range (1 ≤ 
Pb ≤ 2,2) times. The maximum enrichment of 2,2 times was in sample (G70RK01) 




5.8.3.1 Conclusion of elemental concentrations in the thrusted 
continental margin 
Based on the findings, summarised in (Table 65), we can conclude that there is the possibility of 
finding the possibility of finding mineralization for gold (Au), barium (Ba), copper (Cu), nickel (Ni), 
chromium (Cr), zirconium (Zr), manganese (Mn), uranium (U) and lead (Pb) in the  formations of the 
thrusted continental margin. 





Summary of percentage of samples with enrichment in respective media (thrusted continental margin)
Au(%) Ba(%) Cu(%) Ni(%) Cr (%) Zr Mn(%) U(%) Pb(%)
generic rock types 3 37 29 54 59 * 48 69 64
earth's continental 
crust 5,2 5,2 10,5 31,6 46 41 57 38 32
